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ABSTRACT I

This tnesis describes the detailea interrace cesign and
implementation otf the Micropolis 122¢ rigia disx storage
unit into the AEGIS multiuser ernvironment. At tnhe onset ot
tnis work, tne AEGIS aevelopment system consisted 9¢ an MEH-
89 dubdble memory, the REMEX Data Warehouse 4isk system, and
tion's INTSL 1SBC 86/12A single bpoarda computers. Tre
Micropolis interfrare was accomplished utilizire trhe INTEL
8255 programmable paraliel I/0 port resident on one c¢? the
AEGIS iSBC 86/12A computers. Tne 1SBC £86/12A used for the
interface can still be operated as an independent computer
witn all Micropolis disk operations teine transparent to the
user. Tne Micropolis d4isx unit edds an aaditional 35.5
mezabytes ot online storage 10 the AEGIS system,
Utilization of <the Micropolis disk system as a softeare
develovmeat storage media will tree tne REMEX Data Warenjsuse

for storage of radar data’ to emulate the SPY~1A radar.
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I. INTRODUCTION ..
A. DISCLAIMER
Many terms used in tnis tnesis are registerec trademarks ..?
of commsrcial products. Rather than attempt to cite eacn 1
irdividual occurrence of a trademark, altl registereq :
=3
trademarxs appearing in tais tanesis witl be listed crelow, o
tollowine the tirm holdine the traademark. -
é
Intel Jorporation, Santa Clara, Catitornia: e
10y
INTEL MULTIRBUS INTELLEC DS L
iCS 1S3cC ]
Paciric Cyoer/Metrixs Incorporated, Dubdlia, Calirornia: 3
@3
Budbbl-3o0ara MBB-2¢ Bubpl-3o0arad 3
EX-CELL-0 Corporation, Irvine, Calirorrnia:
REMEY Data Warenouse -
Dieital Researcn, Paciric Grove, Calitornia: 5
1 SE/ CB ARG 1
] 0
; Mizropolis Corporatiorn, Chatswortn, Calirornia: :
f Micropolis
E '...4
{ B. GENZRAL DISCUSSION ]
[ Tne AEGIS weapons system simulation project 1is an :
: ongoing study currently bdeing ~onductel1 3t the Naval ;
s
‘ .d
3 19
b
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b
9
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Postgraduate School. The primary objective of tais stuay is
to investigate the feasidbility o¢ replacing tne pres2ant,
tour-processor AN/UIX-? mairframe computer witn a multiple
microcomputer based arcnitecture,

The primary missiorn of the multiproscessor system is to
provide computer control tor tne SPY-1A radar system, WHIELS
system «collects laree amoults of data ~onceraineg target
detection and acquisition wnich must bdbe processed in real-
Lime. A microcomputer based system can provicde the same
signal processing in real-time only it me¢r2 than one
processor 1s wused ana the computations are pertormec
concurrentiy.

Thus, the ¢tirst loegical step of the AZGIS study was to
ldentify a vieble microcomputer and design an efficlent
cperatinz system capadle 0f manasirne concurrent processes.
4 devailed 4esign of suca an cperating system was present-=a
by Wasson in 138¢ (Pef. 1}. Tnis design was basea oz tne
INTEL iSBC 25/12A4A microcomputer. Tals is a sinele opoard
computer based on tae [NTEL 2¢486 16-bit microprocessor. The
operatine system, MCORTEX, was implemented usine Wasson's
design and retine2 many times. ¥lipefelter deronstrated tne
tirst truly e*ticient implamentation of MCCETEX witn four
1SBC 86/12A°s in June of 1982 [Ref. 2]).

fécause NCOERTEY was a very sp2clalized mane2er of
ccacurrent processes, 1t was not an operatineg system well

suited for proegram module development. Thes, LET A%t
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logical step of tne project was to idaentify an operating
system that could be easily integrated 4into tnhe same
nardware wutilizec by MCORTEX. Tnis would allow tns same

system t0 be used tor bdoth signal processine erulation oy

MCORTEX and as a software development tool. CP/M-86,

developed bty Digital Researcn tor use witn tne INTEL &¢BE
microprocessor, was chosen for tnils purpose. Tals cnoice

offered tne maximum in flexiditity 1n that tnis operating

system could bYe user configured tor ditferent or -~nangine

-
£
K

nardware environments.

.

Mixe Candalor bezar the inteeration process bty rodityine

the 3Basiz Input/Output System (BIOS) ot CP/M-E5 ror use on

V- B
. .
et s 96" 0

AR AN Sl e See o
A 1

an INTEL MDS system. This was cemonstrated in Jure ot 1381,
[Ret. Z]

Hickiin and Neufeld continueda tne integration process by

e ol &
B
ot

addine a bdbubdle memory to the MULTIBUS and aeain alterine

:f the BIOS to reflect the current nardware [Ret. 4¢!. Due 1o

N s Y A
.

50 the non-vonlatile nature of a bubble memory, it was used in

N

teis application to store thne CP/M-85 operatine system,.

ha i
9

Tnis permitted a fast, easy metanaoa of 4downloadirg the
operatine system ianto rardom access memory (RAM) whex power

was applied to the system.

S S AR e v
(e i e

Since the Klinefelter d4emonstration employed simulated
processes, it was necessary to deveiop a metnhod by wnicn tae !

SPY-1A radar could be emulated in reat-time,. A nara 2isk

12
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earive, 1interfaced tnrougn direct memory access (bMA), was
determined suitable tor tnis purpose due to its hign speex
and ~large storase capacity. It was also r~cnsidared
desirable to make maximum use of tne avallable nardware when
the system was beine operated in the software davelopment
mode, Tnis requirec tnat eacn single board computer nave
the capabdility ot supportine ar indepeandent usa2r. These two
concepts were brougnt togetaer anc demonstrated wita a four-
board, multi-user system by Almguist ana Stevens iz Decemoper
1982, [Ref. 5}

At tnis point tne system still lacgzed a capability of
storing software ¢for future retinement. Tnis tnesis
completes the program development system by presenting the
nardware intertface design and software implemertation of tne
Micropolis disx drive into the multi—-user systam as

developed by Almquist and Stevens.

C. TFORMAT OF THESIS

Cnapter I gives a general overview of tane AEGIS researcn
effort. It also provides a general developmental nistory ot
tne project and expiains wny tne researcn work accomplishned
by this tresis was essential to the vroject.

Cnapter Il addresses tne system arcnitecture, Detailed

discussion is given ot all major nardware rcomponents as this

ct

#as the existing hardware environment 1irpte wnich nhe

Micropollis 1isk drive nhad to be intertaced.

13

aladalaea’®a’ a®alala

4
[ )
g
Y

. v
TRy By~ (B e RN M V]

s a s

.
Ab aa




e R bl e e e TN i, |
ot CRE . .

4

4
[
:
A
8.
-
LY
b
b.
| 8

| 8
%
b

3

b B AN

-"'TT"; ATV v

g 5

OACAD  Bbdiccichs

o
T

v
r

¥

ESEeNe e I

il ST SOl R & |

AR /5l Al

I &

-

e e e

Chnapter III describes the details o¢ the AEXGIS multiuser
system sotftware,. Tne standard CP/M-86 operating system is
discussed in moderate detail. Also covereda in tnis chapter
is a powerful mcdification to CP/M-86 that was developed
during prior work. Tnis modification provides & simple and
efficient method for altering the naardware environment
supported by the operating systemn,

The nardware intertace developed tor the Micropolis 1isk
system is presented in Cnhapter IV. First, tne details of
the reguirements imposed on the desiegn of the intertace Dby
the Micropolis controller are presentecqd, Tnis is tollowed
by tne development ot @ tunctionmal intertface to meet tnose
requirements.

Cnapter V presents the softiware implementation ¢t the
Micropslis 1irnto the CP/M-86 operatineg system ana Chapter VI
summarizes the development work accomplishea durirg this
tnesis. Includec in Chapter VI is a comparison of tne 1isk
access times required by the REMEX Data Warshouse (a DML
intertaced nard aisk) and tne Micropolis diskx system (a

proerammed 1/0 intertfaced hard aisk).
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II. SYSTEM ARCEITSCTURE

ks As stated in the introduction, the desizn ot the MCORTEX
!‘E cperating system and tne software development system was
based on tne INTEL 1SBC ¥6/12A single board computer anad
?ﬂ various peripheral components. Fizure 2.1 4depizcts tne
ﬁ. interconnection of these components as they existed at tne
onset of this research ettort. In the oparaeraphs trat
follow, a description ot fach component, as well as its

role in tae overall system, 1s given. an exnaustive

.

description of each device <can pe tound im the cited

AP AT AT
>

PP LY

references.

A. INTEL £@86

Tne INTEL 8¢26 is a nign pertformance, general purpose
16~bit microprocessor. It is the foundation upon whi<h the
AEGIS develnspmental system is built. Reter to Kilgure 2.2
for a geaneral overview of its iatermal structure and
organization, Tnis section 1is intenaed to give general
Knowledge about tais device. A detailed description can
found in [Ref. 6].

1.

(D

ral Purpose and Fiags Regis:ters

12

en

As can be seen in Figure 2.2, there are eiznt 16-vit
; general purpose registers. Four of tnese are byte or word

e addressable and are reterred to as tne data &eroup . Tne

15
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; EXECUTION UNIT (EU) | BUS INTERPACE UNIT (BLU)
?‘a | ADDRESS BUS
= AH____ AL
- BH___BL || DATA | (20 BITS)
= GENERAL CH___ CL |’ GROUP
- PURPOSE ( [DH __ DL |
s REGISTERS SP !
% BP POINTER !
2 DI AND INDEX |
ST GROUP
) I
E =
3 1<K -
3 I ES d
1P :
) | INTERNAL ;
e USE
| REGISTERS
ALU DATA BUS |
7 Gowm) |
BUS
CONTROL 8086
TEMPORARY | LOGIC BUS
REGISTERS
|
ALU
3 B || 1NsTRUCTION
o ammdlls EU URUE
iy B CONTROL { 1]2]3]4]5]6 W4
— 1 |_SYSTEM

-
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remainine four are only word addressable and are reterrei as
"tne pointer and index group .

The flags register is 16 bits wide and consists ot
nine usable status bits. The remaining seven are undetined.
The nine dits are divided into six status tlaes and three
control flags. The status flags are set by the 286 as the
result of arithmetic or logical operations. Tne control
flags are set through programmed instructions. or
particular importance is tne IF control tlae. Tris tlaeg is
used to enable/disatle maskavle iaterrupts ana must be
properly set for the system to tunction correstly. Th2 IF
or interrupt—-enable flag 1s dlscussed in greater detail it
Section 4 ot tnhnis chapter.

Altnougn tne EYL86 nas segment registers and the
technical literature 4iscusses seementation as related 1o
the =nicroprocessor, this snhould not e .confusea with
seementation as is egenerally defined tor overating systams.
Tne operating system detinition supports tae ideas ot memory
management and seement access checks tut tne 8¢E6 1nas no
special n2ardware tnat supplies tnese funastions. Fowever,
addressinsg 1s segment-lixe in that it 1s two-dimensional.

Panysical addresses are egenerated from two 16-51t
values: 31 base and an ofrset value. Tne base value 1is

shifted letft four ©bpits and the offset is added to this

18
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snifted version to arrive at & paysical address. As an

example, ~consider the tollowing:

k¥¢vé —-- BASE VALUE
2AAA —= QOFFSET VALUE
Wnen these two hexidecimal values are added &s described

above, the result is:

5¢¢¢¢ == SHIFTED BASE VALUE
2AAA -- OFFSKET VALUE
E2AAA -- PHYSICAL ADDRESS
It is the segment registers that supply the bdbase value.
Tnis metnod of adaressing results in a 20-bvit address or a
one megabyte aadress space.
Shown in Figure 2.2 are four segment registers.
Each are 16 ¢tits wide and give tne 8¢S6 access to &4
kKilobytes of memory. Assuming they are each set to 2
difterent 64K bvase, 1tnis will 2ive tne CPU access ¢ty @
maximum ot 256K bytes of memory at any instant of time.
Because the segmenat registers are accessinle 1o the
software, they can be progsrammatically altered to any value.
Thus allowing addressinz tarcugnout the entire one megabyte
range.
Waich segment register is usea anc nhow tne oftset
value s obtained depends upon tne 1instruction currently
being =xe-cuted. The CS or code seement reegister poirts to

toe curreat code segment. All executable irnstructions are
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located in tnis segment. Tnerefore, tne address 0% tne 2ext
irstruction 1is computed usine the CS register as tne base

and tne instruction pointer (IP) as tne offset. ALl stack

operations wutilize the stack Segment (SS) rezister as tne

pase and the stack pointer (SP) as the offset. Tre data

segment (DS) register and tne extra secment (ES) reeister

nave no explicit ottrset reeister associated with them. Tris

P ey

value 1{s software controlled by supplylinz one of tTae
rezisters 1in the pointer and index esroup as & pert of tae
instruction. Program variables are generally plazed ia the
memory space accessible by tnese twe seszmeant registers.

3. Execution and Bus Iprerrace Uaits

Tne dividing line in Figure 2.2 is used to incicate
two separate processirne unjits within the 2¢86: the execution
unit (EU) and bus intertace unit (BIU). Bota of tnese units
operate independently. '

The BIU 1s responsible for performing all obus
operations tor tae EU, It zenerates 2¢ bit adaresses by
combining the segment and otffset values in its own edder arnd
transtfers data to ard from tne LU on the ALY data bus. The

EIU also fetches instructions for tne EU and stores them in

ite six ©byte 1instruction yueue. Tnis aqgueue makes it

possible fror the BIU to "prefetch” instructions durine any
spare bus cycles.

Tne EU is responsible for executineg all iastructions

o loaco s s aoa dlbidoe o e o2

and tor transtarineg 4ata and addresses to tae RIU. It also

20
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maintiains the general purpose and flags registers. Eecause
there is no connection from tne EU to tne system tus, it 1is

isolated from the outside world. All instructions to be

. In

()]

executed are tetcned from the BIU's iastruction gueu
the event that the queue is empty, tne 2U simply waits tor
tne BIU to place an instructior in thae queue.

Tais type ot arcnitecture allows extersive
overlappiag of instruction fetcn with execution. The result
is thet the time required to tetcna instructions recomes
nearly transparent to the EU since it works on instructions
that nave peen prefetched. Tais, couplea witn a 5 MHZ
clock, gives tne S¢E6 tne high speec nercessary ror the

AEGIS impiementation.

4, Interrupt Strugcture

The 82¢8% nas provisions for up to 256 <cdifferent
interrupts numbered trrom € to 255. Wnenm an iaterrupt occurs.
the CPU must transfer control to a Dew proegram location tzat
contains the necessary programmed instructions to service
that fLatsrrupt. Two values are necessary to ettect the
transfer: tne code segment in wnicn the ianterrupt Toutine is
lorated aad the instrvction pointer tor the routize. These
values are located in a table taat begins at absolute zero
in merory and extends to 3FF nexidecimal. Eefer to Figure
2aEh The 1information needed for eacn 1interrupt rcutine

occupies tour consecutive bytes in tnis tavle. Tne CPU is
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4
3
L
E' 3 l<— 18 BITS —>)
0000:00008 =G TNTERRUPT r - IP OFFSET
) = VECTOR o 4 N A

k- . 0004 (DIVIDE ERROR) || _ CS _ADDRESS
t v TYPE 1 INTERRUPT
t - ( VECTOR : ~
i . SINGLE-STEP
;. :0008H [TIPE 2 INTERROPT
i VECTOR -1 UDEDICATED INTERRUPT
| . 000CH ( NON-MASKABLE VECTORS

g TYPE 3 INTERRUPT
1 - : VECTOR L—-
i BREAK POINT
: 100100 =yt INTERRUPT
Lo = VECTOR n
g . OVERFLOW
i t0014H 9% 5 INTERRUPT 1
o - VECTOR
- RESERVED INTERRUPT
" : VECTORS POR
3 : COMPATIBILITY WITH

TYPE 31 INTERRUPT| N1EL FRODUCTS
‘ - VECTOR -
- TYPE 32 INTERRUPT
! - VECTOR -
k- 5 SUSER AVAILABLE
b o . INTERRUPT VECTORS
he : TYPE 255 INTERRUPT
- VECTOR -
t :03FPH
S
b
3 C,
s
*®
L2 Pigure 2,3 Interrupt Vector Table
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supplied with & type code wnen an interrupt occurs. Tais
value is automatically multiplied by tcur to determine the
correct position in tne table from wnicn to obtain tne CS
and IP values., The current CS, IP and tlass reeister values
are pushed on the stack and the new CS and IP values are
loaded. This ccmpletes the tramster of control. Botn tne
values in tne interrupt table and the interrupt Troutines
are user supplied and must te placed in memory betore tne
interrupt can be permitted to occur.

How tnhe processor is suppliea witn tne type coce
cited above dependas on the metnod used to generate tnhe
interrupt. These can be software or nardaware generated.
Eardware 1iaterrupts are subaivided 1into two categories:
mas£able and non—-maskadle. Maskable interrupts are 2nabled
or disabled by settine or clearing tne I¥ flaege. 4nen  the
CPU 1tKknowledges 3 maskatle ianterrupt, it is the
responsibility of the hardware reguesting trne interrupt to
place the type rode on the bus tor use ty tae CPU.,

Non~masxable interrupts cannot be disabled. IVE R
évyent of 4& nonp-maskaple interrupt, the CPU auvtomatically
assigns it 3 type code ot 2. Thus, 3 type code neea nOt re
supplied.

Software interrupts can be invoked by executing the
"INT a” instruction; wnere "n” is a number from ¢ to 2585.
In tnite case, tnhne type code is an explicit part of tne

instruction. They can 3150 ocz2ur by creatine a tatal error

23
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as & result of program execution, sucn as a aivide ty zero
or overflow error. The CPU will then use a predetined type
code as deplcted ia Fisure 2.3.

The 8¢@85 does not generally control the devices that
can cause interrupts. This makes simultarecusly occurring
interrupts possible ara theretore, eall 1izterrupts are
prioritized. Shewn in Figure 2.4 1is tne interrupt
processing segquence used. This ¢figure 1indicates tnat
software generated interrupts are the thighest oprioritvy.
Non-maskable are tne n1ext nighest and maskadle are the
lowest. :

Tne 1interrupt structure discussed above plays an

important role in tne development of the Micropolis

E
intertace desien. A general understanding ot tails stru~ture 1

is 2an essential prerequiste to an understanding ot totn tne

?
r
1
'

detailed desien presented ia Chapter IV and the sottware

implementation presented in Chapter 7.

-

5} B. TFE iSBC 26/12A

?. Tre {SBC 86/12A is a complete single board computer. It
[- is wsed ‘ass tne dcentral pracessing node of tme AFGIS
ET multiprocessor system. The ocard includes the E¢Eb 16-bit
é. CPT, 64K bytes of RAM, a serial communications intertace, an
E" INTEL 8255 that supplies taree programmabdble parallel [/0
E ports, an INTEL 2253 programmable timer, an INTEL 22594
i. priorify Interrept controiler, MULTIBUS interfacé cohtfol
E 24
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COMPLETE
CURRENRT
INSTRUCTION

EXBCUTE NEXT
INSTRICTION

T g

| %
ACKNOWLEDGE ;
INTERRUPT r

AND READ |3

TYPE CODE
Y

PUSH FLAGS P
SET IFa0 ‘
PUSH CS :
EXECUTE USER A IP ]
INTERRUPT I :
HANDLER \k p
e CALL INTEHRUPT
POP IP HANDLER 3
AND €S :
?
I - !
POP TLAGS MASKABLE ]
INTERRUPT 1
N 19
3
1
]
Pigure 2.4 Generalized Interrupt Processing Sequence ¥
1
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f- loeiz, and ©bus expansion drivers tor intertace with other
:?! MULTIBUS interface-compatible expansion opoards. Provisions

are also made tor installation ot up to 16K bytes of EPROM.
The current system orly utiiizes EK oytes ot EPROM or eaca
ﬁ board. |
) The onboard 64X oytes of RAM can be dual-ported in '
-~ segments of 16K bytes tnus maxing it accessible not only 1o {
;f. the local CPU but also to tne MULTIBUS. Whea dual-ported,
5% the RAM can be switcn-and-jumper contigured to any 128K byte ]
sezment of the one megabyte address Space relative to the
p‘ MUOLTIBUS. Local addresses are always tixed tetween (ULVH
| and FFIFE regaraless of tne MULTIBUS address the board 1is

confisgured for. Tnis system was designea for 1independent

operation by each SBC and theretore, 1no RAM is dual-ported.
To make the RAM inaccessiole to the MULTIBUS requires a
Jumper between E112-E114 on eacn SKC. The bdoard does not
come factory equipped with this jumper and 1its existance
must be verified pvefore proper operdation ot the systiem <can
be insured.

Each {SBC comes tactory configured with jumpers btetiweer
E193-5194 and E1@5-E1¢S5. These jumpers route the bus clock
and constant clock signals to tne MULTIBUS. As snown 1in
Figure 2.1, several SBC’s are connected to the MULTIBUS
intertace, Only one ot tnese is required to supply the
clock signals to tae MULTIBUS. All otnher boards must Rnave

the E123-E1¢4 and El¢5-E1¢S5 jumpers removed.

26
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No otner special contigurations are necessary ¢or tne
1SBC 86/12A bpoards. For a complete discussior o¢f user

options and tactory defauits tor tnis pboard see |Ret. 7).

C. MBB-8¢ BUBBLE MEMORY

The MBB-80 Bubbl-Board is a memory storage cevice that
is compatible with all &8-bit ard 16-bit microprocessors
naving INTEL MULTIBUS arcnitecture. The ©board provides
approximately 9¢£ bytes of non-volatile memory as well as
311 required MULTIBUS intertace loeic.

Interface witn tne MBB-S@ controlier 1is accomplished
tarougn memory mapped I/0 and requires sixteen user—-aefined
locations in the MULTIBUS one meesabdyte address space. These
addresses correspond to controller registers tnat are used
to read status, set board contizurations and perform
read/write operations. Tne currept contieuration wuses
MULTIBUS addresses beginning at S@¢¥Q¥H. Tais requires ‘tnat
switch S 4in S2 on the Bubbl-Eoard be set to on  and all
others in $2 be set to off", All switches in S1 must be
sat to otr’,

Tne obubble memory appears to the system as a simple 9¢x
byte disk drive. All read/write operations to this devi~se
are accomplished in tne same manner used tor any other d1isk
system and require no special user invoxkea functions. Its
primary use in tae system as depicted in Figure 2.1 is as a

non-volatile storage medium from which to load the operatine

27
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system 1into RAM, For a complete discussion of tne MBE-80

Bubbl-Board implemetatior to tne system see |Ret. £].

D. REMEX DATA WAREHOUSE

1. Subcomponents and Storage Capacity

Thne REMEX Data Warenhouse is a mass storage unit
containine two floppy disk drives (single or double-sided,
single or double density) and a Winchester technology fixed
disk drive. Additionally, an MCE80Y micronrocessor coupled
with onboard tfirmware i1s the mechanism used to service all
drives.

The fixed disk is a 14 incn enclosed disx system
consistine ot two recordine surtaces. ZXach surtace nas two
reccording neads. Eacn nead can access 212 usable tracks
and each track contains 39 512-byte sectors. Tnis gives
each head aeccess to approximately 4 megatytes of storage and
egives tne disk @ total storage capacity of 16 megapyies.

The two ¢floppy drives are switcn—-selectadble to
nandle eitner single or doubdble densizv. In this
implementation, sinele 4ensity, standard IB™ ¥M encodineg is
employed.

2. MULTIBUS Intertace

The REMEX Data Warenhouse 1is 1interfaced to tae
MULTIBUS via the MULTIETUS Intertace Card assembly supplied

with the unit. Tais assembly contains all the necessary

control, Dbdutfering and MULTIBUS intertface lofic requirea to

28
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interface witn tne nost system, Tne nost communicates witn
the assembly using programmed I/0. Communications trom tne
assembly to tne nost is via DMA, Tne intertace acts as a
bus master ian the DMA mode and as & bdbus slave 1a thae
progranmed I/0 mode.

The controller requires 4 I/0 port addresses tor the
nost system communications. These are used to obtain status
and pass command information. Currently, addresses 7¢, 71,
72 and 73 nexidecimal are used but these can be alterea by
cnanging tne appropriate switches on tae MTITIEUS Intertface
Card assembdly.

Tne system contiguration in tnis 1implementation
utilizes tne PREMEY Data Warenouse as & program storage
media. However, as alludaed to in the introduction, it is
envisioned that tnis nard disg drive will te wused for
storage ot track data in the SPI~1A raadar emulation esttort.

For further informaticn on tne REMEX consult [Ret. 8).

E. i1CS~8@ CHASSIS

Tre 1CS-89 inaustrial chassis is MULTIBUS-corpatible ana
supports a modular microcomputer development system. It
consists of four tour-slot iSBC 5¢4/614 Cargcages, four
¥ans, a power supply and control panel. Tne control panet
contains an on/off/locKk %ey switcan, reset and 1interrupt

pusabuttons and various LED’s.
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Any combination of MULTIBUS-compatible plilue in Dpoards
can be instailed. A maximum of four poards can be vlacez 1in
the i1SBC S5¢¥4 Cardcaze. Additional i1SBC 614 Cardceees can be
added to tne chassis tarough an expansion interface supplied
witn the system. Tae Latoratory system utilized in support
of tnis thesis consists of a single iSEC 6¢4 Cardcaege and
taree iSBC 614 Cardcages. Tnis gives a total capacity of 1€
boardi slots. These cages provide for both INTEL MULTIBUS
master and slave boards. From tne front panel, tae slots
are numbered 1 to 15 trom left to rignt. 211 odd-numcered
slots are confisgured for master bHoards and all even—numbered
slots are configured for sitave boards.

Because more thin one bdus master can be plarea in tne
chassis, a priority resolution scheme is required to resolve
MULTIBUS access contention. Tni¢ scneme can te operated in
efither the serial or parallel mode. In the system ot Figure
2.1, the <chassis is operated in tne parallel mode wita an
external random priority network tor bus access resolution.

Por more information see |[3etf. 9).

¥. COMMON MEMORY

Tne common memory depicted in Figure 2.1 is a simple ¥2X

byte, MULTIBUS-compatitle PRAM board. It zan be switchn
configured to any address in the one megabyte Multivus

address space, In its curreat configuration, it occupies

3¢

YT

Al-ata el alia




| g e |
L]
‘

0
L3
L

ce

oIk R R Rl R P TR Y
. . ¥ ol o . A
e e

i e i A
-

e “zrv P
» s

addresses E@¢@¢H throuen E7FFFH. The opoard is expancable 10
64K tytes of RAM.

Rec3all trom tne discussion on tne i1SEC 86/124 that the
RAM of all SBC’s in the system is jumper contfigured to be
accessibls only to the local CPY. This mears that neither
the bubble controller nor trhe RIMEX contrclier can
communicate directly witn any i1SEBC. Tneret¢ore, atl
read/write operations with these two devices is accomplished
via tne common memory. The tecnaique used to cocrcinate
this eftort is a sortware one and is discussed ir detail in

the next chapter.

G. MICROPOLIS DISK DRIVE

The Micropolis disk system (not aepicted in Figure 2.1)
is an eignt incan fixed d4isg drive with an 1inteegrail
centrollan - board. It consists ot rive data surtazes with
58¢ tracks per surface. Eacr trackKk contains twenty-—tour 212
byte sectors. Tnis gives 3 5.6 megadyte formatied storage
capacity.

Tne controller board consists of a Z-8Y microprocessor,
firmware in PROM, and the necessary rorntrol loei:c ana
puffers to provide a variety of features. The ftesatures
employed and the details ot the Micropolis 1intertace
accomplished as a result of this tnesis work are oresentec

in Cnapters IV and V.
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III. SYSTEY SOFTWARE

The Micropolis interfacing work consisted c¢f tw¢ pcases:
tne nardware interface design and tne software interface.
Betore eitnher could be accomplished, it was necessary 1to
understaad both the existing system arcnitscture ani
software. Tne last chapter addressed tnat architecture,
Theretore, this chapter presents the details of tne AECIS

developmental system software.

A. CP/M-26 OFERATING SYSTEM

1. General Discussion

CP/M-86 1s tne operatine system uced in tne AEGIS
sottware development system. It {is a commercially
distributed operating system developed by Digital Researcn
tor use with a single INTEL E5¢86 based microcomputer. It is
supplied on two single sided, sizngle censity, eignht 1incan
floppy disks. Inclunded on these disgettes is the operating
system (CPM.SYS), an 8086 assemtler (ASMEE.CMD), the Dynamic
Macnine Language Debugger (DDT86.C™D), an editor (ED.CMD)
and various recontieuration and file nandling utilities.

The CP/M—-E6 operating system can bte user coatigurea
to fit any hardware environment. As it is snictpea, the file
CPM.SYS is configured for 32K bytee o6f RAM, a Eeyboard, a

screen device, an INTEL iSBEC 224 Floppy Disx Controller ana
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a 962¢ taud serially interfaced printer. Tne details o2 t2e
ce/M structure and the Trecontieguration procedures AreQ
discussed below. for 1information on tne entire CP/M-86
environment and'capabilities see [Ret. 1¢-12].

2. Structure

Tne CP/M operating system can te viewed as occupying
three distinct levels ot abstraction. Reter to Fiegure 2Z.1.
Applications programs invoke system functions tnrouegh the
Basic Disxk Operatirnz System (3D0S) module and 40 rot
communicate with any other modnule. The ELOS pertorms
services reyguested by applications programs and all general
file and disk management tuactions. All nardware dependent
functions reguired by the RDOS are reyuested trroush the
Basic Input/Output System (RIOS) module. Tne BIOS module 1is
the only one that communicates with the hardiware. The
Console Command Processor (CCP) shown is used to precess
console commands and provides the user intertace iz tae
absence of an applications program.

Since all nardware dependent tuactions are Llocated
in the BIOS moaule, tne system hardware coafirguration must
be re®lected nere, A skeletal 3I0S (BIOS.AES) is provided
i3 source code format for tais puTpose. Tne CCP and BDOS
modulass are providea as a sinele hex tile (CPM.HE6). Tris
file requires nc¢ moaification but is necessary fecr tne
adaption/recontizuratior process describted 1irn Section &

bpelow.
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ootstrapping CP/M

Loading CP/™ into RAM from a starecard sirgie cernsity -
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* tloppy disk requires 2 two step procedure. Tne toot ROV,

whicn receives control when tne system reset outton is

?i depressed, must load 4 loader program from tne reserved
- system tracks on the disk into RAM and pass corntrol to 1it.
- Tae loader 1is taen responsivle tor loading tne cperating
|

[‘ system from the disk into RAM ancd passirg control to it.
Q- Tnis twe stéep procedure is reguired tecanse the operatiag

system 1is too large to tit on tne reserved system tTacKS.
"nerefore, adaption of CP/¥ to & system otner tnan tnat for
whizh it is comma2rcially 4distridutedi reaquires moditi~ation

t0 these three software components.

4. General Adaptioz Pro-egures

Tne major etrort in tne adaption process is in tne
development of the hardware drivers for tne EICS moduile. y
Trne BIOS <c¢an be classified as performing three types <c¢?f é
t_ functions: nardware initiaiizeatinn/reiriticlization, ‘
Ei character I/0 and disk 1/0. The tunctions are contairned in 5
F’ 21 subroutines witnin the module. T2 BIGS accesses  1hs= p}
E. subroutines tarougn a tatle tnat nhas incdivicual jump vectors }
: to the eatry point ot eazh subdbroutine. This is shown in the i
;‘ operating system memory map in Figure 3.2. Tae actions tnat g
must take place upon entry to eacn of tnese suoroutines is f
detailed in (Ref 13: pp. 6¢-65]. 4 cnanee in the rariware ?
= environment 1s accounted for ©oy cnanging tne code within %
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Console
Command
Processor

and

Basic
Disk
Operating
System

BIOS Jump Vector

BIOS Entry Points
(21 Subroutines)

Disk
Parameter
Tables

Uninitialized
Scrateh RAM

Figure 3.2 Operating System Memory Map
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tne 21 subdbroutines and meeting the entry and exit corncitions
3s speciftied 1in this reterence. Recall trhat & s«<eletal
BI0S.A86 file is providea as a model tor tnls purpose.

The Disgk Parameter Tables snown in tne previous
tigure are used by tre BIOS to obtain the characterisncti~s
ot eacn device, These tabdbles exist in a file separate tfrom
tae BIOS and are included durin assemdly tarougn the usz2 of
the INCLUDE <rilename>.<{tiletype> 1instruction at the ©pase
of tne BIJS. Tne source code for the tables as well as the
Uainitiallzed Scratcn Ram Area, cdn ke automavieal by
generated by the GENDEF.CMD utility. This requires a
{filenamed>.DEF tile as irput and produces a <filenamed>.LIR
tile 3as output. The contents ot <trilename’ .LEF are simple,
one line disk definition statements. Tnhe fcrmat for the
statements and tneir reaning 1is descrisec in 2etail in [Ret
12: pp.72-88).

Once the REIOS file is modified and ttne Disk
Parareter Table fil=2 created, 1tney are assembled usinz
ASMBe.CMD. Tne resulting naex tile 1s concatenated with
CEM.H86 using PIP.CMD ane @ command file for this sinele nex
tile is geenerated using GENCMD.CMD. Tinally. the new
operating <ystem tnat results is placea orn the dlsk as
¢P™.SYS asine PLIP.GMD. The process descripea apove 1is
depictecd in Figure 35.3. Note that tane E280 moael option of

CP/M-8€ is shown in tnis example.
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1. USER.DEF ==> GENDEF.CMD ==> USER.LIZB
2. USERBIOS.AS6 ==> ASME6.CMD ==> USERBIOS.HEE
3. CPM.H86 + USERBIOS.H&6 ==> PIP.CMD

==> CPMSYS.HE6

4, (CPMSYS.HBE ==> GENCMD.CMD ==> CPMSYS.CMD
(=¢8¢ ~odelaag])

S. CPMSYS.CMD ==> PIP.CMD ==> CPM.SYS
(RENAME ON NEW DISK)

Figurs 3.3 Steps tor Creatinz a New CPM.SYS

Two software components remain to be adapted: tne
loader program aad the boot ROM proeram. The loacder progranm
is a3 simplified version of CP/M=86 anc¢ contains caly =2ncugh
file processing capability to read tne CPM.SYS ¢tile from
disk to memory. Three tiles are providea tor tre
development of a loader: LDCPM.586, LDBDOS.ESF and @&
skeletal LDEIOS.A&6 source tile. The LDEIOUS.AEE (tile
reflects the hardware to be use2 in tze loacing operation
and aoes not necessarily retiect tvhe total nardware. Tnis
file contains tnhe same 21 entry points as the BIOS.AEH (til=
witn tne same entry and 2xit coniitions anda rsquires the
same type of Disk Parameter Téebles ana scratca pac area.
The generation ot the LOADER.CMD tile is depiated in Fiesure
3.4, The resulting loader must bte small enougn to ftit

entirely on the reserved system tracks.
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1. URLDBIJS.A86 ==> ASM86.CMD ==> URLDBIOJS .EEo

2. LDCPM.F86 + LDEDOS.HEE + UPRLDEIOS .HEE==39IF.CH4D
==> LOADER.RE6

3. LOADER.HE6 ==> GENCMD.CMD ==> LOADER.CMD

. LOADER.CMD ==> LDCOPY.CMD ==> LCAPER.CMD
(LOAD ON SYSTEM TRACKS)

W

Figure 3.4 Steps tor Creating LOADER.CMD

The development ot a boot ROM program depends onily
orn the physical device used to load tne cperating system.
Its single purpose is to load tne proeram located on the
system tracks into RAM and pass control to it. A FEOM.AES
ttle 1s provided taatr aetails tne toot ROM for an INTFL 1SEC
204 TFloppy Disk Controller and serves as an excellent
example, However, because tne metnod used will vary widely
trom device to device, no tiles are provided tndat simpliry

tals development.

B. AEGIS IMPLEMENTATICN OF CP/M-B6

1.

fot

got ROM and Loader

In <vRe AIGES Implefentéation of CP/M=2E used Eumine
the 1initial development worx ot tnis thesis, two boot RCM
prograns and tneir associated loager programs were
available, Eoth are located at the pase ot the INTEL Yb?7

monitor in tne 8K bdbyte EFROM of tne iSEBC £6/124. The f£ifsty

PP ‘a

T - L DRI Y




T T T T e L - P ———

i3llows the system to be booted from either the single or
double density INTEL MDS tloppy disk drive by executizg tne
command "GFFD4:2” from tne monitor. The seconc will Dpoot
the system trom the tubble memory by executine GF¥Da:4”
from the monitor.

2. A Modificatiop

(et
[o]
[t

ne BIOS

Re~3ll ¢from Section A-4 above that any nardware
cnange within tne system reguires some of tne 21 BIDJS
subroutia2s to be rewritten. A chanee ozcurs not only ¢ty
the addition of =nardware dut also wiaen & comporent s
removed either because it nas ftaileea and there 1is no
replacement or it 1s no lornger needed. In & nardware
enviroonment as flexible 3s that requirea by the AEGIS
project, tne staandard recontiguration process becomes an
extremely time-consumine task.

To alleviate this probilem, a metroa was developed as
3 part ot Almguist and Stevens’ worx in which only miucr
changes to the RIOS were required to alter the nardware
contisuratioa. W#ith tnis technijgue, 3all ot the FIOS device-
dependent subroutines are extracted into a separate trile for
each unique device. The speciric device-depencent reocutines
are: INIT, SELDSK, HOME, SETTRK, SETSEC, READ ana WRITE.
Tne pnysical location ot the entry points to tae routires 1is
obtained ftrom an ordered label tadle frile and tne BIDJE

acecesses tne routines tarousgn an indexed CALL instru-tion.
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Fow tnis tecanrique worxks is snown in Figure &.3. 1In
this example, a call is made to tne BIOS to READ DEVICE #2.
The BIOS mekes a Jjump to the READ entry poirt. dowever,
instead of doine an actual HRXAD at tnis point, the
device number is determined and a call to the adceress found
in tne second position of RDTBL 1is made. The code tnat
perrorms the READ fuaction tor DEVICE #2 is then executed.

The <code for the seven device-dependent functions
can be written and debugsged independently of any otrner code.
To add the device to tae system vreguires o¢ne INCLULE
{(filenamed>.{filetype> statement be added to the EIOS file,
tne corresponding seven entry points be added to tne lavel
table file and the Disk Parameter Table ©bde updated. The
steps for creating tne CPM.,SYS file remain unchanfea from
those presented in Section A-4. To remove a device, the
process 1is reversed. Clearty tais metnod allows the
nardiware deperdent code {and nhence, the nareware itselt) 1o
e more easily intagrated in or removec from the operatine

system than tne standadarda 3I0S structure did.

€. MULTIUSER SYSTEM

CP/M is 1not a multiuser or multitasging operatine
system. Anotner major development of toe Almrgquist 271
Stevens® researcn worKk was a metnod by wnicn =saca single
board computer ino the system could operate indepeadently of

the otners under CP/™ and still nave access to ta2 saared
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.
- a call is made to the BIOS to READ device #2
d Jmp INIT
- L—>jmp BEAD BIOS jump vector
S 1
e jup SETIOBF
- ( INIT: determine device #
O call to INTBL [offset device #)
- ret
3 L—> READ: determine device #
- . __cpall RDTBL E)ffset device ﬂ
1 BIOS ret
4 file ﬁ . (remaining 19 subroutines)

d INCLUDE LABEL TABLE
k INCLUDE DEVICE #1
- INCLUDE DEVICE #2
_7 . (an include statement for remaining
L:-- - devices)
e INCLUDE USER.LIE (the disk parameter tables &

- initialized scratch RAM)
i

r INTBL dw INIT]1 (replaced with physical address
of INIT]1 at assembly time)
. . dw INIT2
:‘ :,‘::g‘ 4 : (a "dw" statement for remaining
[ file devices)
. RDTBL dw READ1
3 L—5 gw READ2
\ ;
DEVICE #1 code for seven device specific
file ' functions of device #1

DEVICE #2 INIT2: code to initialize device #2
3 ret
b RS —> READ2: code to read device #2
b . ret
e
[ remaining device dependent files
g,
- Disk Parameter Tables
b USER.LIB .
re Ll Unitialized Seratch RAM
:,;'. Figure 3,6 Path of a BIOS Function Call
L 42
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resources (tne disk arives and tne bubble memory) of the
system. The multiuser system that resulted can %2 bdrogen
down intos taree functional categories: syvncaronization of
common memory usage, boot loadine all SBC’s ard write
protection of a user”s allocated disk space.
1. Synmcaronization
As stated in Chapter II, tne RAM orn each iSEC 86/1z24a
is not accessiole via the MULTIBUS a2a taerefore, all 1isk
and bubble memory read/write operations must be performed
tarougn a buffer in tae common memory. This requires 3
syncanronization scnhneme tnat will ensure a sSingle computer
can cuccessfully complete a read/write operation tetore
another computer is permitted access.
A ticket/server techniyue nad been developed for
this purpose. Tnis required a CALL REQUEST iastruction to
be placed prior to all common memory reac/write ovperations

and a CALL RELEASE 1instruction ©oe placea atfter rae

L+3

read/write operation. Tne CALL REQUIST accesses the
"ticket” variable in common memory for a ticxet number anc
waits until that number is =squal to the server variabdble, 3
number also found in commen memory. The reacz/write
operation is then pertormed and tnare CALL RELEKASE advances
the server number, thus releasing common memory to the next
ticket nolder.

The code for tnese subroutines is contained in the

file SYNC.ARE. It is 1included in tne BIOS tarouga an

43
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INCLUDE statement ©placed immediately toliowinez tr last
INCLUDE statement for tne device files.
2. BRoot Loading All iSBC's

Because the common memory variables mus v be
initialized only once, two versions of the CP/M=-t& operating
system nad been developed. The tile CPMMAST.CMD 1is trne
master version that pertorms tne common menory
inivtialization wrile CPMSLAVE.CMD is the slave version that

does not.

The r ster board is bdoot lcaded witn CPFMMAST.CMD
from the bubble memory. Once this board is operational, the
command LDBOOT  is executed and results in a copy ot
BOOT.CMD beine placed in the common memory. Next, the
command LDCPM" is executed. Tais places a copy of

CPMSLAVE.C¥D into common memory. From tne monitor ot the

‘remaining SBC’s, tane command "GE@@@:040¢” 1is exacuted. This

causes tne CPU to execute tne code ot BOOT.CMD wnicn, :in
turn, moves 3 copy ot CPMSLAVE.CMD into lozal RAM and
transtfers control to it.
3. Disk Arite Protection

Disk write protection was achievecd tarougn a log=—in
procedure. A loz tavtle is initialized in common memory as &
part of the master version initiaiization. The numter of
entries in tne taole correspord to tane rumoer of disk arives

or loeizal devices in the system. As part o0¢ booting tne

= - SRR e

-----

. ARG .t e e

M M A ssmam.m



ey R
. () :

o ' g

5 g .

e e e
s
v

’

% 4

|
»
ca
>
e
4
.
‘.
3
3
*
..
3
4
by
v
»
o

I By e B I

operatine system, the user is queriea for the console znumrer
being used (located on tne front panel of eacn console) and
the disk drive to loeg on to. The log tabnle is checkeda atrter
this entry to determine if the desired drive is free. It it
is, tne wuser console number is placed at that drive’s
position in the loeg table. It {t is not, the user is asged
to re-select a drive.

Tne user console number is also stored in the local
variable USER. #rite protection 1s accomplisneca by
comparineg the wvalue in USSR to the currently selected
logical disk number and avorting any write operation i1f tney
are not the same.

It was <considered desiraple to pe atle to change
disk drives without trne need to revoot tne tcard. A log ocut
procedure was written for this purpose, Wdnen tne command
"LOGOUT" is executed, the USER variaole is reset, the loe
table 1s updated and tne user is again requestec to eater a
disk drive to loz on to.

Tne final common memory utilization empleyed as a
result ot the multiuser system devaloped by Almguist and

Stevens 1s depicted in Figure 3.6.

D. MCORTEX
MCORTSX 1is tne operating system tnat was i1eveloped for
the SPY-1A radar =a2mulation. In tre tinal version presented

by Klinefelter [Ret. 2)J, MCORTEX was set up to nancle tern
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E000:0000H
ticket server logtdl

:0100H
CP/M Buffer

:0300H

:0400H
BOOT.CMD

:0%500H

CPMSLAVE.CMD

:3500H

: TFPPH

Pigure 3.6 Common Memory Allocation Map
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virtual processors for eacn real processcr. The cata o0ase
upon wnicn all scneduling decisions are based is tne Virtual '
Processor Map (VPM) 1located in common memory. The VPM
contains tne control and status information on eacn virtual
processor required by MCCRTEX to coordinate the ~concurrent
processing,

All processes managed by MCORTEX can %e in ore ot three

states: running on a real processar, waiting tor some event

to occur or ready to run (waitine to 2ain access to the raal
processor). I¢¥ a process is in tne waiting state, it coule
be walting for an event to occur on a real prorcessor other
than the one to whica it was assigned. An eventcount tanle
is maintained 1in common memory tor notitication purpossas.
Wnenever & real processor completes an event, tne table 1is
updated and a message 1s broadrcast to all otner real

processors 1in the system trat scme event has just been

completed. Eacn real processor tnen cnecks the eveatcount
table to determine 1if the event pertains to any ¢t its

- virtual processors and redacts accordingly.

@ The technique used for ptroadcastineg an =2vent employed a
type of e2lobal intverrupt issuved on tae MULTIEDS. Becauvse
the development of the Micropolis 1intertace altered the
& tecnnique somewnat, the details of it will pbe presented in
the next chapter. i
E
® .
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IV. MICROPOLIS HARDWARE INTERFACE DEVELOPMENT
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A. OVERVIEW

he Micropolls disk system offers azn intertace structure
that 1s suitable for use with either programred I/0 or DMA
4ata transfers. In an etfort to maxe maximum wuse of
available system nardware, tne programmed I/0 mode was used
in this implementation, Tnis enabled an intertace to be
designed witn tne INTEL 825Z programmable parallel I/0 «cnip
located on the i1SBC 86/12A.

Recall from Cnapter II tnat alli RAM on each S2BC is not
accessibple throuegn the MULTIKUS. Theretcre, &ll control,
status, and data information intenaed for the Micropolis
disg system nad to te passed tarougn tne common mMemory.
Bezause the disk system was intertaced into a single SBC’s
8255 port, the disgx controller hnhad no rethod ot
communicating directly with the common memory. Tc overccme
this problem, 2a timer-controlled interrupt wés designed.
Tris allowed trhe E¢@86 CPU to be interruptea at rperiodic
iatervals and effect any necessdary communicétions tetweern
common memory &nd tnhe controller, The daistirct advantaege cf
tnis techaique 1< tndat tne <ingl2 board computer used for
trhe 1intertacine <can still be wuseda as an 1inaeperndently
operating computer with all disk opprations heirg

transparent to the userc.
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In tane following ©paragrapas, the details of tre
intertace design and the timer—controlled inta2rrupt desizn
are presented. Tnis discussion is 1limited to the
development of the designs and only tnose low-ievel routines
needed to test their validity. The sotftware implementation

into tne AEGIS system will be discussea ir Chagpter V.

B. MICROPOLIS DISK SYSTEM

Chapter II stated the genera]l characteristics ot the
Micropolis disk system. Tnis sectiosn expanqas 2n  that b5y
presentineg the technical intertrace requirements as well 23S
the gzeneral operation of the disk c¢contrcller. ¥or more
intormation on the Micropolis 4isk unit see ([Ret. 13].

1. Interface Sigrals

Intertace to tne Micropolis aisk drive 1s made
tarough 3 34 pin edge ccnnector located on the coatroller
printed circuit bdoarz. The intertane is Sstructured arouad
an 8-bit bi-directional data bus and 9 control lines. 4o o
ease of reterence, the & data lines will hereerier te
referred to as BUS@-BUS? witna tae BUSY line corresponiiang to
tné Jleast <significant ©bit a&and tae EUS?7 i1ine the Tmwost
sieniti~cant oit. Tre <control lire nares ari1 a coOmplete
description of eacn 1s contairned in tne list »bpelaw, Note
that 1in this 1list, reterence 1is made <tT0 1tne logical
condition of tne signal (true = 1 and false = @) ratner trnan

tne signal’s electrical polarity.
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a. SEL: Since tne Micropolis controller can slave
another disgk unit otf of it, tnis siemal 1s provized 1o
select which disk unit to use. Tnis appiicatior only
utilizes one 3d1isk unit and iv is Jjumper contiegured 1o
respond to address 2. Tnus, SEL snouid alwavs be ¢.

b, ENABLE: This signal is normally held true. Ir
made false (2 microseconds minimum), a reset is apoiied to
the controller loeic. Tne controller will indicate taat it
is susy (tarough the CBUSY signal described below),
important flages and registers are tnen 1inivializead ana
approximately one second later, the controller will indizats
that 1t is ready to accept commands frcm the 20st cormputer,

cs WSTR: The write strobe is a signal from tne
nhost corputer to tne controller that the infermaticn on
BUSY-BUS? is valid. Tne nost pulses the write strocre line
wnile drivineg tne bus. On tne tréiling edge ot WETR, t:ze
controller will copy the contents of the bus into a tutter.
The byte 1is ther interpreted by tse controiler as eitaer
sontrol (DATA = ¢) or data (DATA = 1).

b5 L RISITRE: The read strobe is a sigral used by tne
nost to irdiczate to the controller tnat it is ready tvs iaput
a byte of information. ¥hen the nost drives RSTR true, the
controllier drives tne bus witn tne cortents of eitner 1its
data butrter (DATA = 1) or its status reeister (DATA = ¢).

The controller will drive tne bus as long as RSTR 1s true.
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Thus, oace the nosSt kas zopied the pus, RSTR must he mrads
false again to reegain access to the bus.

e, DATA: Tnis sigral selects eitner tne ceontroller
iata or control ports 3as gaes~rined above.

£.  CBUSY:  Toe. cenbrollsr witl ey CBUSY Ta 2
whenever tne host issues it a commanda. CRUSY is returzei to
1 by the conrtroller when tae commana is terminatec,

g. ATTN: The attention signal i< set true ty tne
controller at tne end of =ach command. The nost responds by
reading tne Termination Status byte trrom tne data ©port.
ATTN {s set talse by the controller only atter the
Termination Status byte nas been read.

n. DREQ: Data request 1s used to Trequest tne
transfer of data to/from tne controller. Tae direction of
the transter is controlled by tne JUT signal. Data can only
be transtferred by tne host ia response to DREQ.

t: QUPF: This 1indicates the directien of data
transtar, It OUT = 1, tne sranstfer i= from controller to
nest (a READ operation). I GUT = @, it is from host to

controller (a WRITE operation).

A1l bus lin=s and control sienals {=2xcept C3USY) are
active low 3t the 1interface connector. The physical
intertace to the 8 controller bus lines must be tarcufsn an
INTEL 8226 inverting bi-directional ariver/receiver c» 1{ts
egquivalent proviaded by the nost system. Tnhe nost must also

provide 1K oam pullup reésistors on =ach of tThé dus liaes.
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Interface to tne SEL, ENAKLE, DATA, WSTH, and RSTR
control lines is througn a 7438 inverting driver or its
equivalent. The ATTN, CEUSY, DRECQ, and OUT control signals
are used in a LMA interface environment. If operation is in
the prograrmea I/C mode, the IMA signals do not nave to te
pnysically connected. The logical condition of these
signals <can be obdtained by reading tne status reFcister (cee
RSTR above),.

2. General Operation

Command execution is started in the coatroller board

by writing a command byte to tne csmmaac port, tollowea oy

(=9

writire six parameter bytes and a GO byte to the data port,
The command bdbyte identifies the type of commard walle thre
parameter bytes coantain ttne control and adaressine
information necessary to execute it. Tne GO byte actually
starts tnhe command execution and can coatain any valuea,
After tne controller nas executea tne commanc, a Termination
Status bHyte s written to its data port aancd ATTN 1is set.
W#hen tne nost reacs tnls obyte, the command execution 1is
complete and tne controller can accept & new command.
3. GCommands and Error Recovery

Three types of commands can be executed: ron-data
transfer, transfers from nost to controller (write}, and
transters trom controller to nost (read). The non-d4data

transfer commands are used for disk maintenarce. Tnis set

ot commands permit, amone other thines, the irnitializaticn
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and/or verification o¢ all 589 tracks associatea wita cne o?
the five irive uzeads.

The read and write commanas rave taree major
options: operation on an entire track or a sirngle csector,
programmed I/0 mcde or DMA mode, and automatic retries
enabled or disabied. The single sector, programmed I/9, ana
automatic retries enavled options were used tor all
read/write operations in tais implementation of Micropelis.
The automatic retries teature i{s an extremely powertul one
and warrants further discussion.

It automatic retries are enableda, taree levels of
retry are performed by the disx controiler toer 2ata errors.
In level one, a correction attempt is made on the aata usiag
the standard CRC-CCITT 16th oraer polyromial. It 1tne
correction attempt was sucfesstul, the corrected data 1s
transmitted to the host. It not successtul, a level two
retry 1is invoked. Level two will repeat tne operation and
correct’ u agtempt up to ten times. If still unsugesstul, a
level taree retry teeins. In level tarcee, tnhe read
amplitier g2air is increased aand level one and two retries
are performed. I¢f tnis fails, the nead positioner ic offset
one way then the other from the track center and lével one
and two retries are performed asgainrn. If atl retries tail,
the command i1s abnarted and an errar condition ls placed in

the Termination Status byte. Tnis feature ~learly prevides

N/

D

Yor 3 nien degree onf data integrity ana error recov
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4. Parameters

All six oparameter bytes required as a D»part cof
command execution must be transmitted to tne controller even
thouegh some may not be used. A description of tnose
parameters is contained in the list below.

a. Parm 1: Bits 4-7 contain tne nead address {(a
value btetween ¢ and ¢}, Bits 2 and $ are set to & ana bits
1 and 2 contain tne unit address. Recall that o2aly ore
Micropolis disk wunit is used and that its address 1is €.
This makes only five values valia for Parm 1 depenaing o2
the head selected: @QH, 1¢H, 2¢H, 2¢H, and 4¢E.

b. Parm 2: Tnis parameter coatains t least

13
0

sienificant & bits of the track adaress.

c. Parm 3: Eits ©-2 contain the most sieritrizant &
bits of the track address and all otrers are set to ¢.

1. Parm a: Contains tne sector acdress fa value
between 2 and 23%).

e, DParm 5: Contains the number of sectors 1o
process. JIn this implementation, tnis value is s=t to 1.

t. Parm S: Tnis parameter is usea only in track

oriented commands and since sector read/write operatioas

were used, this byte is always set to 9.

C. PREVIOUS WORK
Toe Micropolis unit nad been previously intertaced iz an

INTEL MDS sinele user environment by James John |Retr, 14].
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Tais intertace was constructed using the iSBC”s onpoara 228%&

7§ programmable I/0 device.

The #2255 can bhe contiesured in a comeiratiorn of tnree
modes: mode o, ﬁode 1, 3ana mode 2. These modes and tae
fi' operation of tne device is discussed in detail in (Ee#, 15).
E In John’s application, tre 8255 was proerammed in mode 2 ana
mode ¢. Mode 2 provided 8 bi-directional aata lines at Posrt
L‘ A and 5 control lines tor the bi-directional 4ata port and 3
output cnly lines at Port C. Mode ¥ provicea 8 output only
lines at Port 8.

Tne requireda 8225 drivers with 1K onm pullup resistors
are hard-wired on the 26/12A in line with tne bi-cirectional

data port of the 2285 arnd did not nave tec de added. The

required 7438 drivers were inserted in socxets 411 anc A1lZ2
on tnhe {SBRC in line wita Ports B and C. Jonn’s tinal

intertace desien is depicted in Fieure 4.1. (A1l active

low signals are indicatea by folliowing the signal name with
a "/", sucn as ACK/. Tnis notation will be usea tnrougnout
tn remainder of tais thesis.) Note trom this rigure trat

tne STB/ and ACK/ siznals needed by tne 8255 to lLatca iaput

3
ko
B

b

|8

]

|
re
)

}

data and enable the tri-state output butter are provided by
wiring two of tne Port B output lines iato tre ST3/ anc ACI/
izputs. These signals must be controlled locally as the
disk controller provides no compatitle signals.

As part of James Jonn’s work, he also reconfisvreda tae

CP/M 3IOS to accomocdate the Micropolis disit ana two INTEL
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8256
I PAQ Uso /
; PAl | us1 /
i PA2 Us2/
;. PA:’ k > D B' 033/
1 PA4 8226 Us4 /
PAS e g:jusu /
E) PAS (\ (& Spuse/
\‘!
- PAT >{ DIENjC——SBUST/
PORT C
PCO |>,(NOT USED)
PC1 5I7438 >SELECT /
PC2 (\ S SENABLE /
PC3 > (xor usep)
PC4 fé_mj N
PCS | >,(NOT USED)
PC8
T S(noT UsED)
PORT B
PBO J 7438 8TR /
PB1 JAE ™ /
PB2 LN f———SpaTa /
- ]
PB4 |, (NOT USED
PBS |5 (NOT USED
PB6 |, (NOT USED
PB7 |5 (NOT USED
P
L
b
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MDS tloppy disk units. Tnis eave a complete, sirnele user

system wita a total of seven accessible drives.

D. INITIAL EFFORTS

It was envisioned to expand on Joan’s worgk tc accomplish
inteeration of the Micropolis disk drive 1iato tne AEGIS
multiuser development system. Theretore, the first logical
step was to set up James Jonn’s system and test it.

Various tiles were read rrom tne f{loppy drives and
written to tne Micropolis drives ana vice versa. Tails
oreginally appeared successtul. Fowever, whenever a source
code assembly language ¢ftile was Treaa and an assemobly
attempted on tnat file, tne assemdbly continuously failed, A
print—-out of the source code tile was obtained and various
errors were found that did not exist in the orisinal tile.
Tnis led to the beliet tnat a bad copy of the ASMBE.CMD
assembler was belne wused and it was <crasnirne not oaly
tne system put also the file it was operating on. A zood
copy of the assembler was obtained and the test repeated
with continued negative results. Hardware connections were
vérified and ré=veérifliéd. Software was also checked ana re=
checked. Nevertheless, numerous oOther =2xpverimrments still
produced negative results,

At this point, the design was re—examined ard this
uncovered tne problem. A timing analysis was pertoarmeda and

is presented in Fieure 4.2. ThE lagch o FRITE Rasd Trom

D7
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WRITE TIMING

Controller requires
.100 ns min to latech i

2, &
BUSO/-BUST/ ____~" DATA FROM ! >,
T \JINST_70 CONTROLLER ,
[} 1
WSTR/ : :
. 14,0 microsecondsl
= i
ACK . ' \
| /'(
! : xd 1€ 300 ne
PERIPHERAL , 7 DATA FROM 8265 | _max
BUS ' "N_TO_PERIPHERAL BUS i ,
-): 1<-8300 ns ! i
: ! nax ] )
READ TIMING
Controller holde
%51 :<T 0 ns min - ;
, 100 ns max ! active:0 ne min
BUSO/-BUS?/ . ~{DATA FROM T >: 100 ns_max
1 N\ CONTROLLER TO HOST i ;
I : [
RSTR/ I :
\4.\ /1/
STB/ .
T~ A
[} t
b ! 1
PERIPHERAL ' 1DATA TO 8265 T e
BUS : : ' /:/
i )80 ms min ! i, 130 ne min
xdl 'g' —>‘, |<—to latch

Figure 4.2 Timing Analysis of Previous Design
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the nhost to the controller occurs within a wvalia reeion
(window) as snown. However, the latch or READ data ftrom
the controller to the host do0es not. This occurs tecause
the RSTR/ and STB/ signals are paysicelly wired togetaer.
Botn will go active/iractive at exactly the same time. The
controller will hold tne bus active cnly tor 1¢¢ ranoseconds
maxinun after RSTR/ goes iractive, However, tae 3285
requires 15¢ nanose~conds minimum to latch the data atter
STB/ goes inactive, Tnus, the data tnat is latcned may or
may not be valid. This explains wnhy mareinal success was
obtained waen source files were just written to and reac
trom the Mi~crogpolis. It also explains wny random errors
that were not present in the original source file were found

ir the file tnat was printed from the Micropolls.

E. NEW DEVELOPMENT
1. Desien

A new 1interface was cesigned in wnich tne ACX/,
STB/, RSTR/, and WSTR/ signals were all 1independently
controlles ooy setting tne appropriate bit on the £2€85.
Because the condition of eacn individual signal i< now under
software control, 1t can be ensured that tne 4ata will
remain valid loneg enough for eitner tae controiler or tne
2255 to latch {t. The new design is presented in Figure 4.3

and the associated timing diagram in Figure 4.4, As saown

in Figure 4.4, all latching nccurs in veiid wincdows.
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4
8233
i 8228 L _____Spusg/
PAl (€ 30814
PA2 € Us2
PAS i BUS3 /
8226
PA4 ~ > é————>BUS4;
;:: [L ﬁ Bg:;
EX <y~ LDIEX Us7
PORT C
PCO ¢ 7438 p———>DATA/
o1 j
PC2 o —
PC3 > (NOT USED)
pes LeSTB |
PCS [>(N0T USED)
pee 2K
PCT >(NOT USED)
PORT B
h PBO 7438 |——>SELECT/
b PB1 > ENABLE /
% PB2 > ————SwsTR
E- 783 > T/
E.,'. PB4 —>(NOT USED
PB38 [>(NOT USED
oo PBO NOT USED
: PBT NOT USED
*®
,'. Pigure 4,3 Interface Design
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BUSO/-BUS7/ .| DATA FROM
.\u:_m'mu.xn T0 HOST

[
e
-
N
La WRITE TIMING
b Controller requires
q 100 na min to latch
=5 —
o BUSO/-BUST/ <mu FROM ' >:
h HOST TO CONTROLLER : ~
l '
2 WSTR/
. U 0 -icroueond-'
2 A
fb. : [ ; !
' , = & 300 ne
= PERIPHERAL ' - DATA FROM 8255 : __Bax |
o BUS i \"\TO PERIPHERAL BUS n
Y ! X
i:g._ _>: 19500 ns : :
= READ TIMING
1 :
I 0 nos win '‘Controller holds !
= ‘%0 RS _max - , active:0 ns min ‘

>. 100 ns npax

i
RSTR/ ! ' ‘ !
\ ) /‘( i
] [}
stB/ |
—\..____/*/ ]
! ]
! l -4
RIPHERAL DATA TO 8258 | ~y I
BUS X A :
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-/ & to lateh !
]
|
i
b
E. d Figure 4,4 Timing Analysis of Interface Design
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To write a byte ot intrormation to tne corntroller,

T .

tnhe byte is first written to Port A of the 8225 ana tne ACK/
sienal is set to @, enablineg the tri-state output bdufter and
driving tne bus lines witn the contents of tnat outter.

Next, WSTR/ 1is turned on (set to 1) and turned oft (set to

2). The controller will copy tne bus lines ianto an iapud

bufter on tnoe traiting edge ot WSTR/. Finally, tne tri- %
‘l state butfer ot the 8255 is disabled by setting ACK/ to 1
and the write operation is comptlete.

f- To read a byte of information from tne controller,
E RSTR/ is activated. This will cause the controliler to drive
tne tus lines with its aata putter as long as RSTR/ remairs

active, Next, STB/ is turned on (set to @) anc turned offt

(set to 1). This copies the bus lines into the 2255 iaput
buffer. Lastly, tae RSTR/ signal is deactivatec anda tae
byte can be accessed by reading Port A of tne E2%85,

Each ot the bit set/reset cperations ded in th=

13

e
-

(D

read or write functions just described, requires a MOV ara
an OUT instruction tor a total ot 2¢ clock periods in the
8¢Eg6., With a 5 Mnz clock, this is 4.2 microseccnas and
clearly, more than Mmeets the response oOr settling time
constraints ot either the 8255 or the aisk -~ontroller.

2. Implementétion and Testing

Tne daesign 1in Figure 4.3 was set up on an 1iS3C
86/12A. The tollowine hariwvare chaneges were required to the

board:
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Remove jumpers:

E13-E14 F17-E18 Bi2a SR
E15-El6 E13-82% f28=E<8

Add jumpers:
528~E15
E3v-E17
E3P-~E25
Add 7438 drivers in socxets:

Xail
Xa12

Next, a cable was constructed taat weculd irterface
the J1 34 pir edee connector of the 86/124 to trhe J121 34
pin edge connector of the Micropolis <contrcller. Trne
cabling requireme2nts are snown in Tabie 4.,1. Tnose pins not
shown are not required and are not connected.

The 86/124 was tnen placed in tne iCS 8¢ cnassis for

testine. Only 1the most primitive routines were written to

read and write to various heads, tracxs, ard sectors of tne

Micropelis. Tnese were exscuted under DDTEE to allow manual
crnanging of tne command ard parameter bytes, First, &
sinele character was written to till an entire sector and

tnen read tack. Tnls was successtful. Next, 3 text message

wis prepared and written to a variety ot ditterant sectors
and tracks of each drive nead. In eacn case, the message
was retrieved successtfully and it was concluced tnat tae

design was functicnal.
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iSBC 86/124 J1 MICROPOLIS J101
CONNECTOR PINS DESCRIPTION CONNECTOR PINS
SI1G GND SIG GND

48 (woNE)| < BEE0 > | 18 (NONE)
46 45 <« L1 > | 14 13
44 43 < BIT 2 > | 12 11
42 41 pa i 3 > | 10 9
40 39 < BiT 4 = s 7
38 37 & BIT & = 6 5
36 35 & 2L 6 > | 4 3
34 33 <& BIT 7 > 2 1
24 23 < ..DATA > | 20 19
16 15 < P2k > | 28 27
14 13 &——ENABLE > | 28 25
12 11 = L > | 24 23
10 9 & i > | 22 21

Table 4.1 Interface Cable Connection Requirements
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. INTERRUPT MECEANISM
1. Design
Witn tne intertace design complete, 1t remainec to
design the timer-controlled interrupt tor polline comron
memory. Tne design was based on twe cevices available on
the 86/124: tne INTEL 8253 programmable interval timer ancz
the INTEL 8253 periprneral interrupt coantroller.

Tae 2252 nas taree ircependent 15-b5it couanters arz
e3ch can be proerammed in ome ot tive modes. Tletails of its
operation can he touna in [Ret. 18|. Tae design employe4
nere uses only counter ¢ and it is programmed in moae ¥, tne
"interrupt on terminal count mode. In tnis mode, the
output nt the timer will be driven low wnen tae moae control
word is written to {t. Arter the ~ouat value is loacea into
tne count port, the courter will vegin countirng aown. Upcn
reaching tne terminal count, tnhe timer onutput wiil g0 nien
and remain hign until a new -count value is loaceqd,

The mode control word selected was &¢E. This eives
timer ¥ the followineg characteristics: operation in mode 2,
binary 18-pit counter, and load count value as least
significant bdyte first tanen most significant ©byte. The
count value used was 3¢0CE wnich corresponds to an 1interval
of 12 milliseconds at a cloc& frequency ot 1.23 MHZ (the
clock trequency suppliea to the 8253 oy tactory default).
Like tre #8253, the INTEL 8259 has rany 2ifrterent

options availlabhle. Only tnose appropriate to tris design
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are covered in tnhe tollowine ©parasrapns. more
information see [Ret. 15).

Three 1initialization command words (IC4) ana one
operational control word (OC¥) are required to properly
configure the 8253. ICW1 is set to 13H. Tris correspongs
to eage triggering, no slave interrupt controliers, anc ICW3
is not reguired.

ICW2 1is setv to0 4¢H. Tnis is useda in conjuvaction
with the interrupt level number to arrive at the address 1in
the 1interrupt vector table (see Figure 2.2} trom wnich ts
obtain the ~ode seement and otrtrset values for the interrupt
handler routine. Interrupt level 6 was canosen ant tais
corresnonds to & vector table aadress of:

4 * (4PH + 5H) = 11€H
Taerefore, the® address o2f taoe interrupt nanaler must ¢te
loaded in tnis location.

ICWe is set to 3FH, Tnis indicates £086 moae,
automatic end of interrupt, and bduiferea moae.

OCWl is used to masgk unused iaterrupts. It is set
to BFH. Tnis enables interrupt level § ana disanles all
others.

2. Inplemenration and Testing

To 1implement the desien simply required removing

default jumper E7Y9-EB3 and connectineg a jumpar tetween E7E

&nd EB3., Thie connecsts tne syuiput o6f timetr € on the 22ZBZ to

the interrupt 6 input on tane £289.
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A primitive routine was written tnat initializec
botn devices as 2escibed above and load2d an interrucpt
nandler address into tne vector tabdle. Tae interruvpt
handler was a simple routine that performed tha tollecwinge:
saved 3ll registers on the stack, printed a message at tne
console, restored all rezgisters, and reloaded the count
value into tne timer, Wnen tested, tne timer-cortrolied

interrupt tunctiorned normally.

G. MCORTEX INTZRRUPT

As stated in Chapter III, the MCORTEX operating system
uses a type of 2inbal irpterrupt for messaze obroadcasting.
The hardware conf¥isuration required to arhieve this {s
depicted in Figure 2.5. Port C ot tae 225% 1s initialized
as an outout port and to issue’ tne interrupt requires

setting vit 7 ot port C to 1.

It is envisioned tnat future development will allow tne
CP/M-86 operating system and MCORTEX to co-exist in thne
local RAM ot each independent user on the AEGIS multiuser
development system. Tnis was taken into account in thils
research eftfort. Nevertheless, chanees in the hardware aad
nardware initiallizaticn will be necessary betore tals can be
#Fgnleved, Thos®2 changes are identitied bejow.

Both MCORTEX ana cp/M-86 (witn tae Micropolis
intezration), iaitialize tne £259 interrupt controller with

2xactly the same initializatior commana words. Iaterrupt

e 2 > g o rar— ‘ ‘ . K .
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Pigure 4.5 MCORTEX Hardware Interrupt Connections
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level § was cnosen for Micropolis to be of & lLower priorizv
tnan the interrupt level 4 used by MCORTEX. However, rec~all
from Section F-1 tnat the operational command word is set 19
BFE and tnis masxks all interrupts 2xcept level 6. Tnis
value will nave to be cnhanged to AFH to activate 1interrupt
level &,

The MCORTEX interrupt bit will also have to bte moved as
shown by the dashed line in Figure 4.5. This is required
because the Micropolis dis« drive uses Port C as a stroped
input/cutput port. Tne nardiware dependent source cod2 tound
in the advance, pre-empt, d&nd initiatizatior processes of

MCORTEX will have to be updated to retlect this chanee.
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- V. SOFTWARE IMPLEMENTATION

A. MAINTENANCE SOFTWARE I
‘iﬂ Betore tne Micropolls disk unit could be used, 1t was
first necessary tc write 3 routine that would initialize and
tormat tne disk surtaces. Tne purpose ot initialization is
}. to write the address and data tfields of each sector onto tne
surtace,. This 1s a controller invoged tuzction. LUy =he
initialization, the address field will contain tne required
ﬁi nead numtcer, track number, and sector number, All adata
fields will contain 51H.

Tne purpose of tormatting is to cnange tae conteats of

the data fields from the 51F that resulted durine controller
initialization to ESH. Tnls is necessary tecause CP/¥-826
expects to tind ESE ir the data trields in order to rreate 3
directory space.

The routine that was 4developed, MICMAINT.CMD, is

completely menu driven and extensive error caecking 1is

pertformed on all user supplied input. Tnis routine proviges

i rot only iritialization and tormatting orptions out 3lso
E verification of initialization ani veritication ot
f. formatting. Tnese additional tacilities eraple tne user to
E 23asily uncover any disk surtace detects. For an expiarnation
% of now to use MICMAINT.CMD, <see APPENDIX A (User’s Manual
?? - for the AKGIS System).
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Tne Micropotis disk surtaces were successtully
initialized and tormatted with MICMAINT.CMD. No surtace

detfects were tound in tne initialization process.

B. DEVELOPMENT OF THX DEVICE DEPENDENT ROUTINES

As stated in Cnapter III, seven cevice aependent
routines were necessary in order to 1ntertace the Micropolis
disk drive into tnhe AEGIS development system. Tre SELDSK,
HOME, SRTPERE . SETSEC, READ, and WRITE routines were
developed simultaneousiy. Tnis was a corsequence of thae
Micropolis 512 byte physical sector lereth. The (CP/¥M-EE
operatineg system utilizes 3 128 pbyte loglical sector lengtn,
Tnerefsre, a pnysical 1o logical sector mapping
(blocking/ceblocking tecnniyue) was requiree ir crder to
communicate witn CP/M. The metnnd usea nad ar ettrect on all
six ot these routines.

Tne INIT routine required special &ttention @s 1t was
used 2act only to initialize the parallel I/0 port, the
timer, 4and tne interrupt controller obut also To emped the
the interrupt handler within the operatine syster. Tne
details of ©beth the INIT routine development and the
blacking/d1eblocking algoritnmrs usea are given below.

1. Inirialization and Interrupt Zacdler

The hardware initialization required tor the INIT
routire had been previously deveioped and testeld ({see

Chapter IV). It remairned to develop an iaterrupt handier.
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Recall tnat the sole purpose of the 1interrupt
handler 1is to ettfect communications between tne Micropolis
4isk cortroller and the common memory. A status coyte,
command pacget, and a 512 »bpyte sector Dbutfer were
established in the common memory to coordirate trhis ettort.
Figure 5.1 depicts the resulting map of common memnory
addresses.

The status bpdyte serves two purposes: to infrorm the
interrupt nandler tnat a disk read/write operation is eceing
requested and to return the success/railure ~ode that
resulted durirg that operation. It is initializea to OJFFH
as & part of tne Micropolis INIT routine. The status byte
is s2t to ¢0OH to request a d4disx operation and the interrupt
nandler will return 24AH if tne operation was successful., 1I¢
it ftatled, one ot the nine error codes Listed ian the
Micrcpolis Technrical Marual pages 24-25 is returned.

Tne command packet consists of eignt values: the
command hHyte, six parameter bytes, and the GO byte. The
parameter bytes were discussed ia detail 1in Chapter IV,
Sertion B-4,. The GC byte can take 9n any value ana € was
used. The command byte used in this implementation can oe
either 47H tor the write operation or 4EH for tne rea?
speration. Tnese values give ootn tne read and write
operations the desired characteristics of sinele sector
processing, programmed I/0 data transfers, ancd automatic

retries enabled.
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________

E000:0000H

:0100H
:0300R
104008

:0500H

:5000H

:5100H

:53008B

: TFFFR

ticket server logthl
CP/M Buffer
BOOT.CMD
CPMSLAVE,CMD
Micropolis Micropolis

Status Byte Command Packet

Micropolis Sector Buffer

FREE

Figure 5.1 Final Common Memory Allocation Map
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Tne sector tutfer is used to transter data to &ana
from the controller, Botn primary and alternate 4daata
transfer protocols are possiple in tnhe proerammed [/0 nmocde
and these are shown in Figures £.2 and 5.3 respectively.
The alternate protocol differs from tne primary protocol in
the amount ot status checking required. AS <snhown, the
primary protocol requires a status checKk betweern the
transter of eacnhn data byte wnile tne alternate ao2es not.
Use of tane alternate protocol is possible c¢aly i+ the 1loop
time is greater tnan the 1.5 microseconds/oyte responss time

ot th= controllasr. Recall ¢ftrom Chapter IV hat all

<t

operations require a minimum of 2 MOV anc an OUT irnstruction
and these two 1instructions need 4.2 microsénsoncs to execute.
Thus, the alternate data protocol was employed ian the
interrupt nandler to improve response times.

A briet description or how the resulting iaterrupt
nandler works 1is 1in order,. When tne timer-controllec
interrupt occurs, the interrupt nandler routine will save
taose registers trnat are neeaded by the routine on tne stack
and caecx tae common memory status byte. I¥ a neon-zero
value 1is found, tne timer count value is re-loadez, tne
reagisters are restored trom the stacx, and a return is
executed witn no furtner action taxen. It a zero value is
found, the command byte is read to determine the direction
of data transfer (to the common memorly sector buffer for a

read operaticn and trom it tor a write operation), Next,
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READ

STATUS

GET DATA
FROM BUFFER

MOVE DATA ITE DATA
TO BUFFER T0
DATA PO

Pigure 5.2 Primary Data Transfer Protocol
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STATUS

READ GET DATA
DATA FROM BUFFER
PORT
| tE MOVE DATA TE DATA
ne: T0 BUFFER T0
' DATA PORT
= » ST NO LAST
. BYTE OF | BYTE OF
. ECTOR ECTOR
: YES YES
’., Pigure 5,3 Alternate Data Tranefer Protocol
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the entire command packet is transmitted to tae controller
and when the DREQ signal is sensed, tne data is transterred
using tne alternate protccol zescrivbed above. Finally, the
Termination Status byte 1is read from the controller and

placed in trne common memory status byte, tne registers are

restored from the stack, the timer count value i{s re-loades,
ard 3 retern is executed.
- The 1interrupt nandler and initialization =routines

were loaded into memory and DDT86.CMD was used to marually

set the interrupt haadler’s commorn memory variables. This
enabled extensive testing to be carriea out anrda the routine
was tound to tunction as designed.

At tnis poinrt, the interrupt nanaler was ¢tzing
loaded into 1ocal RAM at tae top of tae transient program
area (TPA). Because all users nave access to tnis area, it
would - te quite a simple matter to write over oOr otnervwise
alter the routine and thus, dicsable tae disk communicatiorns

capability. A more practical solution rnad to te fourd, It

was decided <to place the irnterr pt 2ancler immeziately

following tne return 4instruction »otf tne Micropolils INIT
i routine for two reasons. First, Dbdecause trne routine woull
e be a part ot tne operating system, it would not be as easily
r. accessible by the user. Secondly, this <co0-l0o7at=2s the
f routine with tne initiailization of tae hnardware used O
;: invoxe 1it. This makes tuture modirications to the routine
e -

or tae technique easier,.
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2. ZBlocking/Deblocgiag
7” The opnysical to logical sector mappirg requirea for
L— .
|- the Micropolis disk system was suppliea, 1in part, oy tae

Digital Researcn DEBLOCK.LIB source tile, Tnis ¢ile 1is

supplied as a part ot the CP/M=586 operatire system. It
provides a complete routine #for HOME, SETTRK, SETSEC, ana
SELDSE operatioas. READ ana W2RITE operations are also
csupplied but require tne user developed routirnes READHST and
NRITEHST.

Tne READHST routine trat was developed prepares the

command pacxet described in Section 1 above and sends it to

the common memory. Tne status byte is then cnanged tc 2 and ;
the routine waits for tne interrupt nandler tc change tne

status byte. It the status byte indicates success, tha

adte b

common memory buffer is copied into a local <sector bpuffer

and the operation is completa. It an error is incicated,

the error flag used by tne BDOS 1is set and tne common MEemMory

il Rden ot

buffer is not cepied. 4

Tone WRITEEST routine closely tollows tne READEST
routiae, First, a command packet is preparei ana sent 1o %
tae common Memory. Tnen tne laocal sector huffer is placez

in the common memory se~ctor buffer ana the status byte is

sey to Z. The routine tnen waits for the status dyte to

indicate success or faiture and tne EDOS error ¢lag is set

B accordingly. This completes tze write operation.
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It snould be noted tnat in tne READHEST and WwRITEEST

routines, the sSstatus byte must be set 10 ¢ cnly artar the

command packet and common Mmemory Ssector bufter (write

operations only) are set up. Tnis is necessary bpecause waen
iii the interrupt occurs, the interrupt handler wiil use tne
*  command pacxet and sector pbuffer in common memory at that
’ time. 1# 1tne status byte is set to ¢ prior to preparing
tﬁl cormon memory, there may or may not be enousgh time to
L pregare 45 Setting tne status tyte to 2 after tae commen
memory has been prepared ernsures that the interdea operation
& will b%e carried out.

The TLEBLOCK.LI8 routines citea above were used 1in

tneir entirety to0 provide the remaining device dependent

routines. However, one minor alteration was n2cecsarv. 4ll
variable names were prerixed with "MIC".,  Tnis was reguired
because Almquist ana Stevens’ worK useda tae same Trcutines

tor the REMEX nard 4isx [(Ret. 5j.

C. INTEGRATION INTO THE MULTI-USER SYSTEM

To integrate the Micropclis hard disk inte the multi-
user system, tne seven device dependent routines were placea
ir a3 single file, MICHARD.ASS6. Next, the Disk Parameter
Table was updatec t» reflect tne Microoolis aisx unit. EKacn
one ot the tive arive neads was contigured to be to 3
logical (CP/M drive,. Tne final losical to pnvsical device

mappine for the multiuser system is snown in Taple 5.1. The
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Logical Logical Physical

Device Device Device

Number Letter
0 A: MBB-80 Bubble Memory
1 B: REMEX Floppy Disk Drive
2 C: REMEX Floppy Disk Drive
3 D: REMEX Hard Disk Head O
4 E: REMEX Hard Disk Head 1
8 | ] REMEX Hard Disk Head 2
6 G: REMEX Hard Disk Head 3
7 H: Micropolis Hard Disk Head 0
8 I: Mieropolis Hard.bi-k Head 1
9 J: Micropolis Hard Disk Head 2
10 K: Mieropolis Hard Disk Head 3
11 L: Micropolis Bard Disk Head 4

Table 8.1 Logical to Physical Deviee Map
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calls to PECUEST and RELEASE were placed in tne 2X¥AD ang
WRITE routines, the label table *rile, CPMMAST.CIG, was
updated, and an “INCLUDE MICHARD.AS6® statement was pliced

tm whe BIOS module. Tne steps otr Figure 3.4 were trollowed

(1]

and a new CPM.SYS was gemnerated. Note that in the original
system of Almguist and Stevens, this file was titlecd
"CPMMAST.CMD", It was necessary to change tre name as 23
result of other work accomplisned durine 1tnis researcn
etftort. This is discussed ia the next section.

The master conditional assembly switcn in tne BIOS
module was set to talse and a CPMSLAVE.SYS frile was ~reatad.
The slave version is different trom the mraster versicn 1in
that the Micropolis 1intarrupt handler ana nardwere
iritialization, as well as the 1intialization of common
memory syachronization variatles, are not included.,

Wnen the system was initially testeg, it loadec
properly 1iné only certain commands, such as DIR ana REN,
could bt. executed. Commands sucnh as PI? and STAT would not.
Ir fact, the system would comé to a2 halt and requirad re=
hootirg wnen these commands were attemptea. Many
experinents were conducted in an etfort to finc tae source
of tais problem. It was discovered tnat only the ‘tuilt-in
commands (DIR, REN, ERA, and TYPE) would execute.

The ditterence between 3 Dduwilt=lia  Commaad aAnd &
transient wutility program 1s thaat the bduilt-in commanc

resides in memory as a part ot the operatine syster wnlle

&1
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the transient wutility progrem resices on disx. oSy
transient utility programs, 1lixe PIP, must tirst ce loaded
in memory. This proeram then obecomes the aprlicetrions
program of Figure 3.1. Any disk operations required in tne
process of executing tne program must be perrormed by tne
BDOS module. Tne applications proeram indicat2s tnat a disk
operation 1ic¢ required by tirst setting the CX register of
the £¢&5 to the appropriate <rfunstion nuroer ani then
executing the software irnterrupt number 224, When
interrupted, the PELCCS module will carry out the irdicatec
functiod.

This contlicts with hardqware iaterrupts. Recall from
Chapter II, Secticr A-¢ that a software intarrupt is of
nigner priority tnan @ nardware iaterrupt. As snown 1in
Figure 2.4, wher a sottware interrupt 1s beireg processed,
the hardware interrupts are not sensed. A transient utility
program €enters tne BPOS oF exeéuting a softwere interrupt as
des~crited above to p=artorm any reed/write cperation. In
this implementation, the read/write operaticn tor the
Micropolis <can te completed only 1if tne nardware interrupt
occurs, Tneretore, a jeadlocx results.

Tnis problem was solvea oy executiang &n INT 7Y
instruction on the master board wnenever a Mi~ropolis
read/write operation is needed. This forces tne.interrupt
nandler t0 execute 2ven thousgh the eantry to tne EDOS nas

prevented the aardware from causing 1its executiorn. Tas
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CPM.SYS and CPMSLAVE.CMD files were re-generated as statez
above and tested agairn. All command tile executions onrn tne
master board were successful. All four AEGIS system boards
were then booted and tne multiuser system wés tested.
Simultaneous operations conducted on these tour poards were
also successtul and it was concluded tnat the Micropolis
1isk unit had been successtully 1inteerated into tne

multiuser AEGIS devetopment system.

D. & NEY EOOT ROM AND LOADER
Early 1in the development stages ot the Mi-ropolis
interface, it was discovered tnat a power tailure would
destroy the conterts or bubble memory. Since, the operating
system was booted from this aevice, worKk rould rot be
continued wuntil the bubdble memory had beer re—-rormatted and
re~loaded witn tne operatine system. This is an extiremnely
time consumineg task and the method is detailed in (Fer. 5,
Chapter IV, Section DJ. Thus, 1t was consinered cesirabie
to be able to boot lo&d tne operating system from tne REMEX
floppy disk drive, A& new boot ROM anc¢ loaager routine were
developed for that purpose.
1. Boot Lcader
As stated in Cnapter III, thne &K tyte EPROM cnips
orn the iSBC 86/12A contair tahe INTEL 957 moritor and control

is passed to tne monitor wnenever tne svystem RESET oputton is

pushed. Both the bubble boot loader and the INTEL MLS

83
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- system boot loacer co-exist witn toe momitor in  tais &R |
71 EPROM space.

== It was orizginally tnougnt tnat tne PREMEX boot

loader <could simply be added to tne EPRCM. However, this

was not possitle ptecause the space occupied by tne monitor

severely 1limits the space available tor proerams. Ras 18K

e .

EPROM <cnips occupy tne address space between QFE2UZE anc
CFFFFFH. Tne 957 monitor occupies the space between (¢FEQECH
and ©@FFD22H ana contains a set of jump vectors &t the base
of this address svpace. This leaves approximately 72¢

frecimal bytes of space for boct loader programs., It was

decided at tnls point to maintain tne monitor ana INTXL MDS
system boot loader in the EPROM and to replace the ubbdle
poot loader with tne cne for REMEX. This woultl preserve the |
tlexipllity of veinzg able to boot loada trne 86/12A from two 3
ditterent systers instead ot just one. ]

A4 boot loader simply loads the program located <¢n g
the reserved System tracks ot tnhe cisk 1into memory 4&nd
passes cecntrol to it. It 1s the respornsioility of tals
pregran, tne loader, ¢to loaa tne actudl operating systenm :
into memory and pass ceatrol to it. To develop a boot ]
loader for tne REMEX would require tnat a werking systenm
loader be placed on the system tracgs of the daisgette.

Since one naa nct yet teen written for tne REMEX, the bubble

G PN I O T

system loader, LDRMB8®Y.CMD, was used for cdevelopment

purposes. This would permit the ©boot loader undaer
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development to load the bubble system loader from ths REMEX
tloppy disk and this loader would then lodad the ogperatling
system from opubble memory. A2 boot loader program,
RMYROM,AR6, was successfully written, debugged, and tested
usineg this technique. The source node tor the INTEL MDS
boot loader wads tnen successfully integrated into

RMXROM. ABE,

Tne system trdcgs ot & single densitry, elgnt incn
tfloppy disk have 6.5 bytes ot storage capacity ana the
system loader must be Limited to tnis size. To generate a
loader BIOS module for the REMEX, a r~onditional assemtly
switch w2< added to the present BIOS module. The switca,
"loader_bios , wnea s<set to true, only incluces in tae
assembly tne device dependent code related to the REMEX
floppy disk drive. A new label taple file ard a rew Disk
Parameter Table were created, Tnese *iles, LLCRMAST.CFG ang
LDRMAST . LIR respectively, reflect tne REMEX floppy disk eas
the only disx drive in tne system, Tne steps of Figure 2.2
were used to create tne loader (It snould te notea nere tnat
the LDCPM.CMD provided by Digital Research trer use 1in the
loader, expects to tind tne system file as CPM.SYS ana tnis
wis the reasor tor the name chane2 cited in S=22tion C
above). The resulting loader, RMXLDR.CMD, was approximately

5K bytes anda easily tit on tne system tracks Tne TREMEX
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system loader was debugged and tested usine the REMEX opcot ¥
J
b

loader as tne test vehicle.
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3. Programming the EPROM . ;
With the boot loader and system loader routines j

v
.

complete, tnke EPROM cnips could now be programmed. The 8K

PR ] RO

v

bytes ot EPBOM consist ot tour 2 ¢tyte INTEL 2715°s.

R4

Because of the even—odd addressing used orn thne E6/124, 1two

-

of tnese occupy tne even ¢X pyte address space wnile tne

(et
]

other two occupy the odd 4X byte address space. 32ecause the

G e}

only space available for boot loaders is located entirely
B within the upper 4K bytes ot EPROM, it was necessary only to
= modify the two 2716°s occupying tais address srpace.

IrTE5.CMD was used to read tne contents of tne

upper 4K bytes ot the 86/12A°s EPROM ana tnis was saved as a
CMD file. Again using DDTE5.CMD, tne existing boot loaders

were remnoved trom this tile ana tne contents of RMYROM,CMD

were inserted. This resulted in a sinele contleuous tile
containine tne vupper portion of tnhe 957 monitor, a oot
loader ftor the REMEX, 23 boot loader tor the INTEL MIS
system, and the jump vectors required by the 937 monitor.
Two routines were tnen writtea that split tnis file

into two files: one containing tne o0ad address bytes andi the

-
5 R Sy
T e TN L ORI -~ RN RPN

other containing tne 2ven aadress btytes. Two new INTEL
2716s were then programmed with the coatents ot these two
tiles. The newly programmea chips were placed on tne iSBC

86/128 and tested. Tne INTEL MDS system was successfully
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boot loaded by typinez the command ~GFFD4:¢” trom tne monitcr
and tae ABGIS development system was successfully rootec

trom the REMEX floppy disx drive by typing tne ccmmand

“GFFD4:4" from tane monitor.
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VI. RESULTS AND CONCLUSIONS

A. EVALUATION

Two tests were conaucted to evaluate the pertormance of
the AEGIS development system. The frirst test cecrnsisted of
assemoling a 6K byte file and recording the assemetly time.
Tnis was done tor both tne Micropolis disk system ana tne
REMEX Data Warenouse with onrne, two, tnree, and rinmally, tour
computers operating simultanesusly. Timing was accomplisnea
with a standard stopwatich, The results ot this test are
shown in Tatle 6.1

The secona test consistea ot tile transrers usire the
PIP.CMD file utility. Thts represents a worst case
situation as ftile <transters are [I/0 inteansive. g
transfer cirections were tested: REMEX to REMEX, Micropolis
to REMEX, REMEX to Micropolis, and Micropolis to Micropoltis.
A single 27 pyte file was used as tnae transter tile, dn-e
again, tne t1est was conducted withn first one computer
operatine and then with two, tnree, and tour corputers
operating simultanesusly. Tne results ot tnis test are also
shown in Table 6.1.

As irdicated by tae assembly acata, there is notv a linear
relationship Dbetween the number ot computers in tne system
and twthe times required for assembliy. In tact, witn <our

compuiers, tne timeé requirea for assembly of the 6K byte
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- Execution times ( in seconds)
E One Two Three Pour
[ Computer Computers | Computers | Computers
Comnand Operating | Operating | Operating | Operating
ASMEG
,.'. m 25.2 37.0 43.7 58.2
| -
- ASMBE
1 Micropolis a0RE 49.2 ga.4 J8cs
A PIP
re e 5.5 22.3 29,7 32,9
- RENEX
- PIP
m ipeopsis 7.4 22.4 36.0 43.0
- REMEX
PIP
to 9.3 36.0 46,0 62,5
i Micropolis
[ PIP
2 sierepelil .8 38.9 48.6 67.3
; 4 Micropolis
F.-..
o
.
- @
o Table 6,1 7Test Data
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tile 1is rougnly 2.5 times tne time required witr just one
computer. Tnis is accounted tor by realizine that, =2xcept
for tne contéention for snared resources (common memory and
nenze, Adisk ancess time), each computer caz assemcle tae
file independently of the others.

From the file transter data, as well as the assembly
data, 1t 1s immeaiately appareat tnat tne PREMEX Data
Warehouse operates taster than the Micropolils aisk system.
However, tnis is not an order ot magrnitude as one mignht
expect when comparine a CMA interfaced nard disk te ore that
is intertaced usinz proerammead I/0. It tne ten millisecond
polled 1interrupt (used to communicate with tae Micropoliis)
is taken into account, tae Micropolls pertormance woula come
even closer to that ot tne REMEX. The reason that the
programmed I/0 intertace performance 1s close to taat of a
DMA intertace is trat more time is experdea in disk nead

movement than memory accessS.

B. GENERAL CONCLUSIONS
Tne primary goal ot tails thesis was met. A naraware
interface was designed for tae Micropolis aisk drive using

programmeq I1/0 tecnniques and tais was suncesstully

intesgrated into tne AEGIS muitiuser system, Tne system was
demonstrated with tour inaependent users operating

simultaneously. The aadition of the Micropolis disk system

to the AEGIS system provides an adaitional 35.6™ bytes of

9e
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on—-line storage capacity and snould prove to be more tzar

(O}

adequate for program and data storage. Tnils trees trne RIMEX
naird aisk to be usea enptipely teor the SPY-1& radar emuletion
rather than as a sottware storage media.

8 boot ROM was also developed tnat allowed lcading the
operatineg system trom the REMEX tloppy disk draive. Tnis
proved to be more reliable taan tne dubtdle toot procezure
used at the onset of this researcn. Tne tutbtle memnory
frequently crashed and reguired retormattine and reloadine
before it could be used again. The ~ause tor this was never
discovered except for noting that every time a2 power failure
ocrurred, the bubble memory would crash, The board nas on-
poard power tailure protection «circuitry. However, the
facilities requirea to tnornughly test this circuitry were
not availavole.

Future research involving the AEGIS multiuser system
snould include expansion of tne current €£ EPEOM to 1ok ana
development of a boot loader tnat would allow bdbooting from
ary of tne devices in the system. As the current system
stands, it tne REMEX floppy disk drive fails, eitner a new
boot 2R0M will have to be generated or the oild bubble boot
ROM will nave to be restcred. Tnis may eventually prove to
be too irntlexibdle.

Additionally, some type ot protection scheme needs to be
implemented tfor common memory. Curreatly, tnere 1is no

protection and a user program that has gone out ot coatrol
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could guite easily destroy tne data in common memory. Tnis
-
L(§ development would require that some type of hardware aczcess

control ©Dbe desigaed and tne 2IO0S module te mocified to

activate that hardware whenever common memory access 1is

T

required.
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USER’S MANUAL FOR THE AEGLS SYSTEM

A. SYSTEM CONFIGURATION

Tne AEGIS development system consists of: one bdutblie
memory board, tour INTEL iSEC 86/12A bpoaras, tne REMEX Pata
Warerouse, the Micropelis disk system, and 3a 32X bdyte common
memory board, Tnese toards must meet certain requirements
in order to work properly in the system and these are
jescribted in the paragrapas that follow.

1. Master 1SEC H6/12A

This bpoard 1is wused as the Micropoiis d1isk uait

interface and provides the bus clock and constant clock
siznals to the MULTIZUS. Tanis board must te positionea in
the 1CS-£@ ~cnassis in an odd-numberea slot (the slots are
numtereda from 1 to 16 letft to rigat). The poara
requirements are:

Remave jumpers:

E13-El14 £21-E25
815-E15 E28=E29
E17-5818 535¢0-E31
£139-82¢ £82-553

Add jumpers:

E28-%15 B3¢-~E17
EZ0-E25

Add 7438 drivers ia sockets:

A1l Xa12e
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This will set up the 28255 ianterface for the Micropei:s
To providae the constant clock and bus clock:
Add jumpers:
El¢3-El1¢4 E1¢5-E1¢6
This board must also contain tne EPROM caips witn tne REMEX
boot routines, The tinal requirement is that the local RAM

be made inaccessinhle to the MULTIERUS. Tais 1s core ty

=

adding junper £112-E114 and removing jumper E11E-E12E.
i 3C

2. ALl QOwper iSBC 86/12A°s

The remaining boards must nave local DA
inaccessable to tne MULTIBUS and must not proviae aanv clock
signals. To make the RAM inaccessible, add jumper E112-F114
and remove jumper E115-E1ZE. To disable the clocg sierals,

remove jumper KE123-E1¢4 and E105-k1¢6.

1 3. 1REMEX Disk Drive
F;- The Remex controller board mus bte plugzed into an
'Iﬂ odd-aumbered slot in tree 1CS-8¢ chassis.

E g 4., 3ubbie Memory

1o Bubble memary must cte plugeed into the  slot
|

[® containing the RUN/HALT switca (currertly position 3).

Fo 5. 32K Byte RAM Board

) Thnis board can be plugeed into any slet ia tae

*® cnassis ana must be contfigured to start at azaress E¢UQYE.
1. -
; 94
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B. ACTIVATING THE SYSTEM

wr—‘—rw—‘w-r-.va’-vv ————y
=X- .

Refore turning any power on, .asure tahat tre RUN/HALT
switca locatea on tne front panel ot tne iCS-E¢ cnassis 1s

in the EALT position. Next power—-on tne equipmernt in tane

following order:

- Ty
. =
.
.

1. Apply power to tne iCS-2¢ cnassis by turning tne
OFF/ON/LOCK key to the ON pesition.

2. Tura on tne REMXX disx by toggline tne QOFF/ON switch
on the upper riegnt or tne front panel to ON.

3. Activate the Micropoiis disk by toggling the switcn

on the rieat of 1ts front panel to the up positiorn.

4, Spin up tne REMEX disk oy placing tne STOF/START
switcn located on tne upper left panel o START. Tne &freen
light over this switzn wili 20 out.

&. Tura on all CRT’s.

5., Toezle the RUN/HALT switcn on the iCS-2¢ tront pinel

.
|
g

i to RUN.
; 7. Press the master RAEXSET switca on the iCS—-8¢ panel
E snls This &enerally requires more thah one RAESET (aormally
?, toree or four). Tne indicator of a good RESET is tnat all
CRT”s are prictine stars ang that the green lignts over tota
}} tre START/STOP switcn and tne A4 HRITE PROTECT switcn of tne
@
: REMEX are on.
With tne power applied, tne next step 1s to ioad the CP/M-E8
N operatine system:
'@
i g5
l.
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1. Place a system disk in tne REMEX arive E (leftmost
floppy drive) latel up and close tae door.

2. TFrom the CRT connected to tae master board (trne one
witn tne Miccropolis intertace cable), type U ., Tnis will

activate the INTEL 3957 monitor.

3. Enter tne command GFFDa:4", Tae disk in drive B
will be accessed and approximately one to two minutes later
the operating system will respond with:

ENTER CONSOLE NUMRBER

¢. Pespond with the number on the trront panel or the

CRT. Tne next request will be:
ENTZR LOGIN DISK

Y. PBRespond witn tne desired disk. Tnis will te tne
only disk that you will be permitted write access to.

5. The master board is now operational. To activate
the remaiaine bdoards, ¢tirst locats aay 1isk 4drive that
contains the following files: LD2COT.CMD, EQOT.CMD,
CPMSLAVE.SYS, and LDCPM.CMD. Tnen type the commands
"LDBOOT" ana “LDCPM” from that drive. Next, type ‘U trom
any uninitialized toard to &ctivate its 957 monitor. Eater
the command GECC¢€:4¢¢”. AS with the master bpoard, you will
be gqueried for a console aumber and login disk. Reply as

with the master bvoara.

C. DE-ACTIVATING THE SYSTEM
1. ZEnsure tnat no floppy disks are in the REMEX ana

that all users have tinished.

96
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2. Press in tne master RESET button on tne 41CS-S¢

rhassis.

3. Place tne RUN/HALT switcn on the tront panel ot tne
1CS-88 cnassis to the HALT position.

4, Turn off tae Micropolis daisk unic,

5. Place the STOP/START switch of the REMEX disk in the
STOP position. Thne green lignt over tae switca will 2o out.
WYhen the 1lizht comes barckx on the disk has sStopped. When
this occurs, turn the REMEX power switch to OFF.

6. Turn tne power off to tne 1(0S-8B¢ cnassis.

7. Turn off all CRT’s.

D. CREATING A SYSTEM DISK
1., Firet, ¢format tne disg. This will nave 10 be done
on a CP/M compatioble system as tne AEGIS system ~urrently

ras no tormattiag routine.

2. Activate tne'system as described in Section E above,
Place tne formatted disk in tne REMEX tloppy drive E.

3. loczate any drive wita the tollowine i gis s
Lpcory.C¥D, RMXLDR.CMD, CPM.SYS, and PIP.CMD,

4, Issue tne command "LDCOPY EMXLDR.CMC™ trom tnis
AR viers Tou will be queried as to wnich drive to write to.
Respond witn "B".

&. Finally, issue the command PIP B:=F:CEM.SYS" (Note

nere tnat 'F was an arbitrary cnoice, as any drive witn tne

specitied files oa it will work).

97

e e e e e e e e e e e e e e e B P S e e A~ a i Toa ' aia A N Bn Y an o oo’ 2%

!

L

0 0 S R O S e

L sl B



e e e e ba b [ R RcER R
]

L
“.
’

L€

L_-. F R SR N B B S U S SEF S DR WP WHp ST W S SRS TS

e — —_p— T —— T —— e e e e e e e -—_-_-_-1-.-.‘------—1

6. You now 2ave a system c¢isk. It can te tsstec
following tne activation procedures describdedqa in Sectisn &

above.

E. MAINTENANCE UTILITIES

The system currently contains maintenance utilities for
the bubble memory, the REMEX Data Warencuse, and tze
Micropollis disx system, These are aescridea bdelcw.

1. Butbdle Memory

Tnere are two system utilities tor maiantenznce of

tne bubble memory: DIAGBE6M.CMD and MBBSAFMT.CMD., TIAGE6M 1
a selt test ot the bubble and requires n¢c usar input other
than tae command DIAG86" to activate it. Aany faults
occurrire durine this check are reported to tne console,
MBEE@FMT is used to format the bubbie tfor a cp/™
envircament,. The user will ©be askec to enter the tase
address of tae controller, Respond witn ~E¢¢¢E”. Tae
formatter will taen fcrmat tne tubdle memory.

2. REMEX Disk Drive

Two routines are also availapbie +or titre REMEI:

RMXMAINT.CMD and RMIFORMT.COMD. Before eitrner of these
routines can be successtully oxecuted, the iocal RAM of 1ine
board exacuting tnem must te made availacle to the MUOLTIZUS
as theseé routines were not writtea to péss 1information
tarough tae commcn memory. Theretore, jumper E112-E114 must

te removed porior to ex2cution. RMXMAINT 1s meru ariven wita

ge
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nine availanrle tuncticans. Select the tunction tfrom tr= list

:?1 at the consols 3nl1 enter that number. Since these routines
are carried out dy tne firmware of tae REMXX contraller no
other user ianput is required. EMYXFORMT will tformet tne
REMEY ftor the CP/M enviroament. You will oe queried as 1o
wnicn “nead” of tne disk to tormat. The nead to CP/M

logical device is given in the tollowine list:

Heaa ¢ Drive
Fead 1 Drive
Head 2 Drive
Heaa 3 Drive

Select the desir=d nead number and eater 1it. NO furtner

G O
e e i i S

inputs are required. You will be notified at tze console
when the Yormattine is complete. Restore jumper E112-El1l4

!
after completing all desired maintenrnance on the EXMEZ, b
I

Tne Micropolis nas a single meanu-ariven maintenance
program, MICMAINT.CMD, Tnis program must Ge 2xecuted only i
from tne toard containing tne Micropolis interface. Prior

to ruanine it, ensure that all other system users are loggel

B ————

into a non=Micropolis iisk. Tne Micropolis "neaz’ number to

5

: CP/M logical disk is given telow:

i 1

5 Head @ Drive X

,® Head 1 Drive I 3

' Head 2 bDrive J b

_ Fead 3 Drive X b

: Head 4 Prive L .
!

| Tnere are two types of commapis in the menru: iaitialization ]

1 3

' and ftormatting. Thne initialization commands prepare tae {
3

1 99
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disk for use ar2 verify that taere are no surface z=2fects.
Tne formatting commandas prepare tne disk for the CP/M
operating system. It 1t is desired to run a initializatvion
tyre of commancd, six values will be requestedi. These values
are described bdelow,

a. Pnrysical Address c¢f Logical Secter ¢ This
allows tor a variety of logicai <ector mappinegs on tne disg
itselr. In tris system nowever, this value is rurrently 2
ana tnis should te tne response used.

b, Sector Sxew Factor: This enabdlas tae secior
address to be physically skewed on tne .isx. Currerntly, tne

CP/M operatiae imposes its own skew tactor and tnis value is

also set to @.

2. Loration of the Spare: The Micropolis nas &
sector sparing capaeiiicy. I¥ a paa sector is trouna 4urine
iritialization, the gpare can e written irn the bad sectors
place, Until a tad sector is noted, tals value is 24. [Inis
will write the spar2 sector at the 2nd ot tha tracx (sactors
2 - 23 are tae only ores accessitle by CP/M).

d. Disxk FEead Number: Respond wits tae desired
nead numter from tae list given adove,

&, Starting Tracre: Toe Micropolis has E€@ totel
tracks per heaa, numbdered from ¢ to 579. Enter the desired
startine track number,

f. Endaing Track: knter tne desired endine trang

number., The selected command will bte executea on all tracks

lee
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between the sStarting aumber and endizeg aumber.The <format
commands only reyuire the last four eantries from trhe list
3bove with the same conditions. All formatr or initvialize
commanas should be tollowea with the rcorresponiing verify

tormat/verify initialization command. These require tne

same entries as for tne originai commanc and ersure tnat tne

disg function selected has been properiyv carried out.
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yProgram Name
yDate
yWrictten by
yFor

jAdvisor
sPurpose
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PROGRAM LISTING CF MICMAINT.AEE

MICMAINT.LR6

9 Aprii 1953

Marx L. Perry

Thesis (AEGIS Modelirg Group)

Protessor Cotton

Tais routine enables tne initiailization
ana fermatting functioas to b2 carriea out
for tne Micropolis Disk., It is completaly
menu=-4riven and explanatory ir rature,

2 XX R XX XX XX K 2K A FOAK FK K X0 3K A0 A XK 30 XK B0 A XA A KRR KR R IR AR I I 3 XK R R R T 5 RIS

KQUATLS TABLE

csee
org 1¢on

MISCELLANEOUS ECQUATES

cr equ bdn

if equ Zan

wip 2qu lan

be eaqu ?

§ ———— e e e e e e e e e

’ EQUATES FOR 82255 PIO

J

porte equ gcen icommand port

porta 2qu oR=1s! 1 bi-1irectional

portbd equ dcan soutput port

portc equ gccn scontrol/status
equ kcihn imgae for EZ2O0bL

mode_2_¢_out

e we e

BDOS FUNCTION EQUATES

pdos equ 224 ybdos interrupt
td0s _¢ aqu ¢ PRSIt o) 2lsiy
bdos_1 equ 1 schar input
bdos_9 equ 9 ybdos strineg output
tdos_19 equ 19 ytdos btuftfer input
; - - S D D D D —— =" - —
y MICROPOLIS EQUATES
y
reirb _oh equ Qoeecielen yread signal
rstrbo_ott equ LLRLLelen yread sleral ctf
wsirb_on equ geecerive ywrite signal

1¢2
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wstrb_oty
i mic_stat
jﬂ mic_cmd

mic_data
Strh_on
strb_otyt
ack_on
o of Y
en_sel
stndrad
irdy_mask
ordy_mask
busy_mask
masxk
agtn_mask
dreq_mask
1pistal cme
s verity_cmd
inis_ver _emd

e
»

a0
D

-

B e
o %
B

'rrrrv:v'r:w (a5 YOI ant
-

tormat_cmd
ver_torm_cmd

i

e we wo

main:

main_1:

main_2:

e e e e S i i Tl Sl

2qu pevgeeien
equ ALY EL VLA
eyu 2uzoeeees
equ geeoeeeln
equ 20Y0vaev100
equ COLCYZL11D
equ 2eveLe1eod
equ ¢eoeo1eio
equ 2eReLelen
equ 0018112
equ geeleeeln
ejqu RueLsed1ee
eau CCL1eeedn
egu 1¢1devee
aqu 12¢C20eub
equ gpleeee
equ 11¢410¢¢1b
egqu 11¢1¢1¢1b
equ 1146110410
aqu €1d¢e1llo
equ v122¢¢¥110

Main Program

call mic_init

mov
mov
int
mov

cl,bdos_9
dx,otftset menu_l
bdos

cl,bdos_1

int bdos
mov an,¢n
cmp al,’ ¢
Jb main_1
cnp al,’s’

Jos main .2

mov 21,bd0s_9

mov dx,offset err_1
int ddos

Jep main

sut al,3¢¥n

mov ~md_type,al

add al,al

mov
add brx,ax
mov cx,{bx]
Jmp cx

4

cl,tdos_9
iax,otfset end_rsg

mov
mov

123
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swrite sienal ct?
ystatue signal
ycormmand sigral
ydata signel

iinput 1atzcn sigral
rlatch siegnal oty
soutput sigfrnal
youtput sienal ofyt
yeelect enat'e
ynormal reset
yinput ready
youtput ready

ypusy

yattn ¢r areq

y@attn oaly
ydreq only
tinitialize
yverisry cmi
ylnitielicze
yverity cma
yrormattiae
yverifty the

°md
termate

yinitialize 4isk

youtput tirst menu

y2et usar option
yclear an
tyvalida erntry?

joutput error mTse

yand start cver
yadjust to binary
ystore commana
yéd} for ttl entry

bx,oftfset jmp_taopl_1l;g8et jump vector

jump to loc

of <€es<cion

AP RPN S SR AP SR

- S
e

B dib st sty ol

tad .

e it




) iR R s

T

descr_1:

in_ver_dsk:

tm_ver_dsk:

tm_ver_dsg_1:
main_2:

T T
B 3

int bdos

cti

mov cl,bcos_@
mov dl,¢¢hn
int odos

mov al,?

mov bx,offset jmp_tapl_2

mov <x, [bx}
mov cl,odos_9
pusn ax

puse bdX

int bpdos

mov cl,tdos_1
int odos

pop OX

pop ax

Wricasa) L

rrp al,”?

je main

add bx,02

Jmp descr_1

call loe_secd_num
call sgw_nu?
call spar_loc

call nead_num

mov cl,bdos_3

mov dx,0tftset mse_>5
int bdos

call tr¥_num

mov beg_tirx_num,dx
mov cl,bdos_9

mov 4x,otffset msg_5
int blos

ca'll tri_pum

cmp dx,beg_trk_num
jae tm_ver_dsx_1
xchg ix,beg_trk_num
mov end_trkx_aum,dx

mev cl,bzo0s_9

mov dx,oftset menu_<Z

int ddos

mov cl,bdos_1
int bdos

mov an,¢¢n
cmp al,’@’

JE Main ¢
cnp at, &’

1¢4

yre—erable int
yreturn to ccp

syinitialize ceount
joutput cescription

ysave the refgisters

ywait on user

yresiore the reas

(1]

ytest for ena of
sydescription

71¢ ernda start over
yelse get next msg
yanad output it

yeet loegizal sec €
yZet skew ftactor
sget loc cf spare

y&221 disk cead nun
soutrut odrompt
sytor neginnine
ytracg numeer

yget it

ystore it

soutput prompt
stor endine

strack number

yget it

routput second m2nu

182t vser option

yclear an
yvalia ertrv?
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Jee mailz_b 3
main_4: mov cl,tdos_9 joutput error msz2 ]
mov dx,offset err_1l 4
int baos 1
jmp mein_3 yand start againa
main_5S: sub al,3dhn ;aajust to binary ]
add al,al yadj tor tbl =atry
mov bx,oftset jmp_tabl_3j;get jump vector
ada bx,ax F
mov cx,|bx] ]
Jmp cx
rev_ent:
call rev youtput tne reviaw
jmp main_3 isecornd mreau again :
chg_ent: 4
call che yegst the rnange %
jmp main_3 ;secord meru 3gairn 3
e_cmmd: :
mov cl,bdos_9Y joutput warnine
mov dx,offset warn
irt bdos
mov cl,bdos_1 y2et response
int tdos
cmp al,’y’
Jz 2_cmmd 1
cmp at,’y
Jz e_cmmd_1
jmp main ystart cver
e_cmmd_1: cmp cmd_type,2 jcheck for command
Ja e_cmmd_2
call mic_convl y prapare parametars
jmp e_cmma_3
e_cmmd_2: call mic_convd
mov cl,bdos_3 youtput message
8 mev ax,offset msg_&
a int ddos
. e_cmmd_2a: call mic_send jsend parameters
= e_cmmd_2p: call mic_status fatte or 2req? ,
test al,mask
4 jz e_cmma_20 4
test al,attn_mask yattn?
- JiZ & _emmd j2¢
mov al,vesn ymust te dreg
k- call mic_data_out ;send ESn
b ¢ jmp e_cmmd_2b i
{ e_cmmd_=2c: call mic_busy ywait oa catrl 7
call mic_iriyy :
call mic_data_in y2et term byte )
cmp al,%¢n ysuccess? 1
_ Jnz cmma_err yLo, taen error ]
b ¢ lnc bsze_trx_gnum 1any tracks latt? )
{ .
- 125 1
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e_cmmnd_3:

e_cmmd_33:

e_cmmd_3b:

cmmd _err:

MRS S B S A dran aruh i oren et e & Il aade o e i e B

mov dx,te€g_trK_naum
cmp dx,end_trx_num
Ja e_cmmd_30b

mov parmz,dl

mov parm3,dh

Jmp e_cmmd_2a

mov cl,bdos_9

mov dx,offset mse_1¢
int odos

call mic_send

call mic_obusy

SN MIAREI Hiraky

caplls mie” dastiay {'n
cmp al,e¢

Juz - CiaTmeE LeiRE

inc deg_trk_aum
mov dx,beg_tirk _naum
cmp dX,end_trk _num
Ja e2_cmmd_3b

mov parm2,dl

mov parm3,da

Jmp 2_cmmd_3a

mov cl,bdo0s_9

mov dx,offset msg_1l1
int bdos

jmp main

mev err_code,al
call proc_err

Jmp mairn

stinisned here
30 start aver
yadjust parms

joutput message

ysend tirst parms
ywalt for catrl

ygetr term status
ssuccesstul?

3y now error
ymore tranxs?

jacdjust parm2
jand parmd

soutput success
ymessage

yana start over
ssave error
iprocess 1t
sstart over

Y

I T B R, R e L G . Y Y Py i —
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;jSubroutine: proc_err

,Entry conditiors: an error nas occurred in the execution

' of & commana on tne disk

;Exit corcitions: “proc_err_tactl” nas been updatec

;jRegisters altered: none

,Suoroutlnes callFeds (¢ ve, reESTor, bbn_des,dee_dsc,mic_Ctusy,

’ Fie_itdysmic dawa 1n

;DeSF‘iption:
Tnis routine proviaes as console output

,tne details of ar esrror condition as issuec ry tze

ydisk controller.

’

préc_err:
call save ysave all reegisters
mov tl,? jsét up counter

proc_err_i: ¢all mic_obusy swalt or cntrl

sall mie_irdy
call mic_data_in
ine oy

2mp 01,0 st st St i piEe 2
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proc err_2:

JESpEecC emR 2
JD DE o SR
mov dl,al

mov dn,¢¢n

clal i NI edieIC
Sl di=ie aise

mov asc_sec,dl
mov asc_sec_l,0bn
mov asc_sec_2,tl
mov al,nead

mov dn,¢@2n

ca il odn dae
call dec_asc

mov asc_1K_head,dl

mov asc_dk_nead_1,tn
mov asc_dK_head_2,01

mov dx,beg_tTrK_nur
call bin_aec

cll dee asc

mov asc_trk,d41

mov asc_trk_1,bn
mov asc_trg_2,5l
mov di,err_code
mov dn,¢¢n

carll ™ Bip dec

Ge gl plEe TE T

mov asc_err_c,dl
mov asc_err_c_1l,tn
MoV ASE 2T e Rl Dil
mov cl,baos_9

yput sector in al
sclear an
yconvert it

ystore 1t

y2et tracx number
yconvert it

ystore it
get error ~ode

T
lear dn
oavert it

-e we ee

c
Cc

ystore 1t

joutput cmd type

mev dx,o0ffset procerrtatl

int pdos

mov an,Ega

mcv al,cmd_type
add al,al

yclear an

yadjust tor tabla2

mov bx,offset jmp_tacl_s4j;zet jump vector

add b©x,ax

mov dx,|ltx]
mov cl,tdos_9
int bdos

mov c1l,bdos_9

soutput it

;yrest ot tatble

mov 4x,orfset procerrtatlil

int bdos

mov cl,baos_1
irt ndos

c3all restor
ret

ywait on user
yto reaaq it
jrestore registers

§ % R RCORCRK RO R X R AR R I RN R 0RO RO RORCRERORROH R R KR ROR KK KK RRRRE R

ySudroutiae:

nic_oSusy

yEatry conditions: none
7Exit conditions: disk cortroller nas issued ‘rot busy’
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’ siernal

sRegisters altered: none

sSudbroutines called: mic_status

yDescription:

’ Tne executing proeram will wait nere
juntil the disk controller issues tae ‘not busy”’ siznal.
9
m

ic_busy:
push ax ysave ax
miz_busy_1: ~all mic_status y2et status
test al,busy_mask ybusy?
Jz mic_busy_1
pop ax
ret

; PSR R 2 2 R 2 R R R R R RR R R R R DR R R R DR R R PR R R R R BRI R R R R 2R R R 2 22
ySudbroutine: mic_1iray

sEntry conditions: none

;Exit conditions: disk centroller nas issued “iray’

) signal

jRegicters altered: none

sSudbroutines calleda: mic_status

yDescription:

’ The execution nt tne progfram will

;jwait nere until “irdy” is issuea by tne controller.
9

s c_irdys
push ax rsave ax
mic_frady 1: call mic_status 122t status
test al,irdy_mask yready?
Jz mic_1irdy_1
pop ax jrestore ax
ret yreAdy now

R R R

sySubroutine: mic_ordy

sEntry conditions: norne

;Exit corditions: disk controller nas issuec tre “oray’
signal

Registers altered: none
Subroutines called: mic_status
Pascription:

Tne execution of tne program will wait
ordy” is issued by tne contrcllier,

I'd

shaere until
’

mic_ordy:
push ax ysave ax
mic_ordy_1: calkl mic_status a2t status
test al,ordy_mask yreaay?
Jz mic_ordy_1 ynot y=t
pop ax
rag

§ R R IH RCHE R KRR 50 RHCRERC HCHERA TR HCAR HE R RO B8 X B 50 4030 30 X R0 X0 ¥ X8 30 RERR REM REAL HOIE K N NI MR MAT I 3
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sSubroutine: mic_send

yEntry conditions: parameters are calculatea and in

’ the byte varianles

sExit conditions: parameters and command have been sent
sPeglisters alterea: none

sySubroutines callad: save,restor,mic_=tusy,mic_ordy,

’ mic_irdy,mic_cmd_out,mic_cata_out
yDescription:

The zsommand byte, Six parameter htytes
syand tne go btyte found in the data area are seént 1o
ythe cisk controller.

-

?
mic_send:

call save y5ave regilsters
call mi~_ousy ywait tor rntrl
call mic_ordy

call mic_cma_out ;jsenc out cme
mov bx,ofrset parml ysend rarametars
mov dl,¢ ycounter

mic_send_1: call mic_busy ywalt for cntri

call mic_ordy

mov al,[bx] jget varnm

call mic_d4ata_out ysend it
inc bx

inc 11l

cmp~ 4 1., 7 ydone?

jo mic_send_1
call restor
ret

§ 3R A RIWAT RN T RO R RO KRR IHRCR R HER KT H R R0 R0 RCIE TR 0T TR TR R R KRR 7

ySubroutine: mic_cmcd_out

;Entry conditions: “ordy” sienal has Deen issued by the

disk controller anc “cmd_tyte’

contains tae commana to be sert.

yExit ~onditions: none

yTestore registers

-e we

sRegisters altered: none
sSubrcutines called: none
yDescripntion:

?
3yls sent to tne disz controller.
?
mic_cmd_out:
pusn ax
mev at,cmd_byte
out porta,al
mev al,mic_cma
out porte,al
mov al,ack_on
out porte,al
mov al,wstrb_on
out portb,al

1¢9

The command in tne bvte variabtle “cma_tyte’

3save ax

sto bi-directional
senable cmd line

yactivate sutput
youfter
ypulse the write
sstrobde

ra WS JPUFS SV U SR RN, |

Rl N

Pl M TP AT DAy
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mov
out
mov
out
pop
ret

al,wstrb_ot?
portb,al
al,ack_ot?t
porte,al

ax

yde—activatre tae
joutput opurter

§ TR IR AR HR 0 RUIRRE XL R0 NI AR KM A0 R0 A KRHS KR IR IR MR T IRIREE N 3R REOK 38 HERCIG K KR AR B3 50 30 33 W KT 5L AR 04
sSubroutine: mic_aata_in

yErtry conditiors:

egisters alterecd:

escription:

jdaisk unit.

7

mic_data_in:

mov
out
mov
out
mov
out
mov
out
mov
out

R
Subroutines called:
D

disk zcontroller

2xit conditions: al contains déta tyte

al
none

A pyte of data is input

al,mic_4ata
porte,al
al,Tstrb_cn
portb,al
al,strt_on
porte,al
al,Strb_of‘t'
porte,al
al,rstrb_ort
pnrto,al

in al,porta

ret

“irdy’ signal nas been issued ty the

trom tne Micrepolis

1enadle the d4ata

yturn the reac
sor
slétcn tne date

sturn oft tne
iread sienal
ybTing in data

;*z***#***####**#**wx*#*##***#v***#**##**********#***a*#**a
sSudbroutine: mic_3ata_out

:Entry conditions:

‘ordy’ siegnal has been issued by the

1isk controller &nd al contairs value

’ to be sant.

yExit conditions: none

;sRegisters altered: none

sSudbroutines called: none

yDescription:

’ A byte of data is sutput to the NMicropollcs

ydisk uniz,

?

mic_data_out:
push arx ysave ax
out porta,al 710 osi-~dire~tional
mov al,mic_data enactle data Line
out porte,al
mov al,ack_on yactivate output
out porte,al ytuffer
mov al,wstrb_on ypulse tnhe write
out portb,al ystrote

112
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mov &l,wstro_ott
out portp,al

mov al,aCK_ot¢
cut porte,al

pop ax

ret

N R e e B T

TV YWY

11e-activete
scUTpUT butrer
srestore value

§ % N T RTE JC X I ROR R AL WO R RN R R AR A AR KEAE AR 58 50 R KR KEHE KT {836 0 HUAE 36 58 54 536 33 40 R8 3 X8 238 36 35 38

sSudbroutine: mic_convl
sEntry conaitions: none

18xit conditions: parameters are set for disk use

yReeisters altered: none
t+Subroutines cailed: <ave,restor
yDescription:

This subroutine prepares tne parameters

b
srequired by tne Micropolis disk drive tor verify or
yinitialization commands.
?
mic_convl:
call save ysave the registers
mov al,cmd_type ychack tor corrand
cmp al,? sinitialize?
Jz mic_convl_1
cmp al,l yvericy?
Jz mic_convl_2
mov cma_bvyte,init_ver_cmd jinitialize
Jmp mic_convl_3 yara verity
mic_convl_1: mov c¢md_tyte,initial_cmajit was initlalize
Jmp mic_convl_3$ yonly
mic_convl _2: mov cmd_byte,verify_cmd jit was verity
miic_convl 3i mov ali,nead yprerare nead oum
mov cl,&
SIS TE

mov parml,al

mov dx,teg_trkK_num

mov parmZ,al
rov parms,ih
mov al,log_secy¢
mov parm4,al
mov al,sKw_tac
mov parmb,al
mov al,spar
mov parme,al
nmov 20_tyte,q
call restor
retg

ySEt up parameter
12 and 3

m
*

uD parameter

i wn

[§V]

t up parameter

et up parameter

A wvwoogwn

t up 20 tyte
stere registers

WO ws ws WE we PO we P

Hwn
0

§ X RO R AR TR R R K XK ROR R REREK R RN TR R KRR X R R RR R XL TR RORE T TR IR MR

sSubroutine: mic_conve
yE¥ntry conditicns: none

7Exit conditions: parameters are set for disxk

yRegisters altered: acne
ySubroutines called: save,restnr

111
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i yDescription:

0 ; This subroutine prepares the parameters for
¢ jtne Micraopelis disk drive for rormat and verity forrat
= ;commands.

P ?

. mic_cenv2:

- c3ll save ysave the repgs

3 mov al,cmd_type

ﬁi cmp at,3d ytormat?

= Jz mic_convZ2_1

- mov cma_byte,ver_form_cma;must be verify
- Jmp mic_conv2_2

3 mic_coav2_1: mov cmd_bdyte,rormat_cmd

9 mic_conv2_2: mov al,nead jset paremeter 1
;‘l mov cl,4 sad just pcsition
B sal al,cl

g mov parml,al

- mov dx,beg_trx_num jset parameter 1
[0 mov parmZ,il siand 2

A mov parmd,dn

& J mov parm4,? jstarting sector
. mov parmb,24 jprocess 24

A mov parms,?d ynot used

[ - mov go_vtyte,d

- - call restor yrestore registers
u ret

7 ¥ %% X0 XL R 50 AL IR 50 038 45 HRAK A K0 RORCHE HOKE AR IE A0 RORORE AP A0 HOXE KL 30 FF AR5 AEILKCAE R RCROREHI0 HORE MR RERE B 3%

iSubroutine: mic_init

sEntry conditions: none

vZxit concditieons: disk zas been initializen
y+Registers alterea: ax,cx

ySucrcutines called: mic_status

. sDes~ription:
. ; Tnis subroutine resets &nd inttializes tne
=5 ;Micropolis disk drive and tae 8255 parallel i/o port.
. yIf th= reset attempt tails, the proerar is atorted ana
E, ytne user is returned to the operating system.
’
@ mic_init:
cli ydisacie méasgapl2
sinterrupts
mov al,mode_2_¢ _out ylafitival e To L mBeee
out porte,al y¥ 3ana 2
;. mov al,acix_ot? syirsure acknowleige
= out porte,al yis ottt
i mov al,strb_oft jinsure strobe
% out porte,al yis coff
t; mov al,en_sel iset select ane
i out portp.,al yenanle
Lo - mov 2x,10 ywait 1 second
0 mie_Ltnit_ 4 mov ax,27777
[
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mic_init_2: dec ax
Juiz, ;e jadtr 2
cec cx
Juza mie ialv 1
call mic 'status yget the status
cmp al,stndrd
§z mie dmit S s then return
mov cl,bdos_9 joutput =rror
mov 4Xx,0ttset micrst_errismressage
int bdos
mov cl,@¢ yanc return tc
mov 4dl,¢¢ 70/5
int bdos
mic_1iritv 3: et
3 % TR KO AR R0 08 0 R 340X A0 RGN NG N8 KON I K6 K0 3K R TEHE 34 30 IR AK FAKE NG N6 ROHE SH T HOKCRS B0 AT IRIAIS SEIEM IR0 R M
ySudroutine: mic_status
yEntry Conditions: none
7Exit Conditions: al contains status ot disk
yRegisters altered: al
iSudbrcutires called: nrone
yDescription:
H Tnis subroutine reads and returas the currert
jvalue of the Micropolis disk controller”s status port.

’
mic_status:

mov al,mic_stat yenabl2 staty line
out porte,al

mov al,rstro_on yturn on read

out portt,al

mov al,stro_on ylatcn the status

out porte,al
mev al,strb_otf
out perte,al

mov al,rstrbd_oryt yturre oft reaid
okt portov,al

in al,porta ybrirne in status
ret

§ 3% 3 T T IER0TX RN HCRR A AR R RRR KR RO AR RO R R R RO IR TR IR NIRRT
ySubroutine: che

o

e ;Entry coaditions: none

Li sExit conditions: desired value is cnangec to new value

5 +Registers altered: none

- iSubroutines called: save,restorl,log_secié_xnum,SKw_num,

- ’ spar_loc,head_num, tTk_num

g iDescription:

= ’ Tnis subroutine allows the user to cnhange
- ya value trnat nas been previously specified by a call to
E sthe appropriate routine,

. ’

1 chg:

@ call Sive 15ave reefsters

.y
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:a che_1:

cng_2:

che_3:

chg. 5

cag_6:

chg_7:

chg_8:
cneg_9:
che_1¢:

- eag_1L¢

cmp cmd_tyvpe,2
jJa cng_¢&
mov cl,bdos_9

mov dx,offset menu_3

int vdos

mov =l,bdos_1
irt bdos
mov an,@hn
cmp al,’@
jo cag 2 |
cmp al,’s

Joe zhe 3

mov cl,taos_9

mov dx,orrset err_1
int bdos

Jmp chg_1

sub al,sdn

add al,al

4

ytwo difrf opts
ydepenairg on cma
youtput mrenu

yeet user opticn

yclear an
yvalid ertry?

youtput errer

yand start sver
yconvert to binary

radjust tor table

mov bx,oftset jmp_tabpl_Sj5get jump vector

add bx,ax

mov cx,[bx)
Jmp cx

mov cl,0dos_Y

mov 4x,o0ffset menu_

int rdos

mov ~l,bdos_1
int bdos

mov an,dn
cmp al,’@

mov cl,bdbdos_9Y

mov 4x,0ffset err_1
int bdos

jmp che_¢4

sub al,3%n

add al,al

joutput menu

yeet option

yclear an
yvalid entry?

soutput error

sconvert tn binary
radjust tfor tabl=

mov tx,oftfset jmp_taopi_£i;get jump vector

aad bx,ax

mov =X, |bx]
Jmp cx

call log_sec¢_num
Jmp che_ 19
call skw_num
Jmp ohe_19
call spar_loc
Jmp chg_13
231l read_aum
Jmp che_13
mov cl,tdos_9

114

iget new logilcal
ysector number

ylocation

yeet new head
ynumber

sget new beginning
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mov dx,ortset mse_5 ytrack number
irnt tdos

call trk_num

cmp dx,end_trk_num

jte cneg_11la

xchg dx,end_trk_num

che_lla: mov begz_trL_num,dx
jJmp cng_13

chg Y2 mov cl,bdos_9 yget new ending
mov dx,otrtset mse_5 ytrack numper
int bdos

call trk_num

crp dx,beg_trk_num
Jae cne_12a

xchg dx,beg_tr¥_num

che_12a: mov end_trk_num,dx
cng_13: call restor yrestore regilsters
ret

§ FORCKE XS0 XE KT TN TR IR TR R KOS FKE K QKR TR TR TR IR ED RN SR AR RGN M
jSubroutine: rev
sEntry conditions: none
yExit coniitions: none
1Registers altered: none
ySudbroutines called: save,restor,bin_dec,dec_asc
yDescription:
Tnis subroutire prints out at thae console a
complete tabdulation ot user suppli=i input and
returns to the calling program.

-e we we we

-3
1)
<
.

call save ysave all regs
mov dh,@d@n sconvert logical
mov dl,loR_sece ySector tJo asc
call oir_dec

call dec_asc

mov asc_log_secd,dl istore it

mov asc_log_sec¢_1l,0bn

mov asc_log_sec¥_2,bl

mov dh,¢4¢h sconvert Skew
mov di,skw_fac sfactor to asc
¢all bin_dee

call 4ec_asc

mov asc_skw_fac,dl ystore it

mov asc_skw_tac_1l,0ba

mov asc_SKkw_tac_2,0bl

mov dn,¢¢n yconvert location
mev dl,spar yof spare to asc
call bin_ ds¢

call dec_asc

mev asc_spar,ail ystore it

mov asc_spar_l,btn
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mov asc_spar_2,bl

=?Q mcv dh,¥0n jconvert 1isk
4 mov dl,nead jnead to asc
M: call bpin_aec
k- call dec_asc

| mov asc_nead,dl jstore it

mcv asc_head_1,bh
mov asc_head 2,0l

mov dx,beg_trk_num sconvert besinning
call bin_dec 1Tk to asc

call dec_asc

mov asc_beg_trx,al ystore it

mov asc_beg_trk 1, bh
mov asc_beg_trk_ 2,0l

mov dx,end_trk_pum yconvert ending
call bdin_gdec strk to asc
call dec_asc

mov asc_end_trk,dl istere it

mov asc_end_trg_1,tn
mov asc_end _trk_2,bl

mov cl,bdos_9 joutput command
mov dx,offset rev_tatl jstyde
irt bdos
mov an,g yclear an
mov al,cmd_tyvpe
add al,al yadjust ror tasl:
mov tx,oftset jmp_tatli_45set jump vector
ada bx,ax
mov dx, [bx]
mov ci,bdos_9 youtput command
int bdos yname
mov cl,bdos_3 soutput tne
cmp cmd_type,2 yentire table new
i Jal -Fev 1
X mov dx,offset rev_tatl_1
If_ irt tdos
B Jmp rev_2
h®: rev_1: mov dx,ottset rev_tabdl_2
| int bddos
I rev_2: mov 21,bdos_1 ywalt on user o0
' int odos yread 1t
i call restor jresticre registers
i ret
*® § % % 30 5003070 20 30 30 XA A0 050X RN [0 IR A RO R R AR KRR AT RO HHROR KR N R I IT I X

sSubroutine: spar_loc

sEntry conditions: none

;Exit conditions: “spar’ coatains vailue for location

’ of spare sector

yRegisters altered: none

‘e jSutroutines cailed: save,restor,con_in,asc_dec,dec_rtin
yDescripticn:

LA S A LS ¥ o
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The user is prompted tor the lor~ation of tne spare

ssector. Tne valid range is 2 to 255. A numter outside

ﬂ ;of tais range results in an error message and anotner
sprompt. Thne vaiid number is converted to binary ana

- jstored in tne byte variable “spar”.

- spar_loc:

P call save ssave all registers
(] spar_loc_1: mov cl,bdos_9 joutput prompt

- mov dx,oftset msg_7

int bdos

] zall con_in 1get respcase

3 call asc_dec jconvert it
- call aec_bin

{] emp 4x,255 jck for range

* Jbe spar_lac_2

] mov cl,bdos_9 joutput error msg

. mov 1Xx,o0tftset err_2

- int daos
b jmp spar_loc_1 ystart over
¢ spar_loc_2: mov spar,dl jstore iz “spar’

' call restor srestore registers
8 ret
:- ;**********?*****#*************************v"-‘-** X XL XL XT3E 5 3K R XK X AKX
5 jSudbroutine: trx_num
3 ;Entry conditions: none

1Exit corditions: dx ~ontains a track number

jRegisters altered: dx

sSudbroutines called: save,restor,con_in,asc_asc,des _rin
yDescription;

’ Tne user is prempted for a track numeer. Tne
yvalid ranee is @ to 579. Invalia input results in an
;error message and anotner prompt. Thne valid number

g ;1s converted to binary and returred in dx.
y ]
& trg_num: 5
% call save 1save all rezs -
- trg_aum_1: mov zl,bdos_9 soutput prompt f
¢ mov d4x, oftset msz_4 )4

- irt bpdos

- 23ll con_in yget responssa ]
- call asc_aec iconvert it 1
- call dec_bvin ]
i‘ cmp dx,579 yCK tor ranee 1
r jte trk_num_2 )]
' Moy clybaes_9 joutput errcr mssg 1
mov dx,o0ftset err_< y
int baos b
j Jmp trk_rum_1 ystart over 4
e - trx_num_2: mov temp_tk,dx ysave irkx numter 1
S call restor jrectore tne regs 24
\ b
| |
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mov dx,temp_tk yrestore 4x
ret
LR AL Rt L bl B L Lt S L L L L Rt b L R L L
ySubroutine: skw_num
yEatry conditions: none
;Exit conditions: “skw_fac’ contains sector siew
' Yactor
iPegisters altered: none
ySubroutines called: save,restor,con_in,asc_cec,iec_=tin
yDescription:
' Tne user is prompted for a sector s«ew tactor.
yThe valid range is 9 to 23. A numper cutside ct tais
yranege results in an error message and another prompt.
;Tne valid number is converted to binary and stored in
jtae byte variaple “skw_fac’.
?
SKw_numn:
call save
mov cl,pbdos_9
mov dx,o0ftset msg_3
int bdos
exll con, o
call asc_aec
call yec _bin
cmp 4x,29
Jjbe skw_num_2
mov cl,baos_9
mov 1x,ottset err_2

ysave 21l regs

skw_num_1: youtput prompt

Y228t response
rconvert it
yCcK tor range

soutput @rror msg

int bdos

Jmp sgkw_num_1 +STATT over
skw_num_2: mov SKw_tac,dl jstore in “skw_fac”

call restor yrestore tne regs

et
3 % 3 30303 30 3 3K HHK X 3K 0 7 3K 30 3K R0HK 3050 R0 30 R0 R KA I KT I TCHT RO KO K TH IR I I TR
ySubroutire: loe_secé_num
yEntry conaitions: none
jExit cordiitions: ‘log_sec?” contains address ot lomgical
sector ¢

Pegisters altered: none
Subroutines called: save,restor,con_irn,asc_dec,zec_tin
Description:

The user is prompted to input the pnysical acddress
yof logical sector ¥. Tnis number can bve in the ranege ¥ 1o
123. Tne input is checked and an error messaege results ir
yit is invalid. Tne user is also prompted again in taois
sevent. The valid number is converted to binary and storea
jin the byte variable “loe_sece’

¢ we wg we wy we

’

log_sec?_num:

1save all rees
soutdut prompt

call Save
log_sec@_num_1: mov cl,bdos_9
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maw dx,offser mse 2

int baos

call con_in 1get response

call asc_dec ycornvert it

ciarllis aisie) bl &

cmp dx,23 yck for range

Jbe log_sec?_num_z

mov cl,bdos_9 youtput error msg

mov dx,cffset err_2

int bdos

jmp log_secd_num_1
log_sec@_num_2: mov log_sec?,dl ist in “lce_sect’

call restor jrestore rees

Rl
PEBRBARAREARERERER RN RREARRRERERRR BRI R R RM AR R LN R F R RT R RK
ySubroutine: head_num
yEntry conditions: none
;Exit conaitions: “nzaa’ contains nead numoder
sRegisters Altered: ncne
;Sutroutines cailea: con_in, asc_aec, dec_bin, sdave, restor
yDescription:
yThe user is prompted to input a head rnumber in the rangs
yof ¥ to 4. The input is checked ,if an invalid pumbher is
sentered, an error messaze is output and the user is again
sprompted for an entry. Tne valid pumoper i1s convertei tc¢
;jbinary and stored in the byte variable “head’.

’

nead _num:
call save ysave all regs
read_num_1: mov cl,bdo5_9 soutput promrot
mov dx,oftset msg_1l
irt bddos
fall con. ip y2et response
call asc_dec yconvert to decinal
call cec_bin syconvert to ovinary
cmp 4x,¢4¢9%4h schecKk fer ranee
Joe nead_num_2
mov c¢l,bdos_9 soutput error mse
mMev dE,oftses elfr_ 2
int odos
Jmp Read _num_1 yand start cver
nead_num_2: mov nead,dl jstore in “neac’
call restor yrestore registers
PES

3 % 3 R R RERE LI AR R AR HA R AR AR R I A XA R RR KR R AR AR XA A KR RO K ARRK KK
ySubroutine: con_in
yEntry ~conditions: none
7yExit conditions: dx corntains most significant ASCII
dieits entered
bx contains least signiticant ASCII
1igits entered

we we W
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yReegisters altered: drx,bdx

sSubroutines called: save,restor

yDeescription:

H BDOS tunction 1@ is utilized to input

sa line of edited data from tne console. Backspacing
yis permitted througn the use ot Control-H or Centrol-X.
70nly 3 maximum of 3 charactars carn b2 antered. To
jalter this, the value of ‘burfer’ must be cranged. Kor
ja complete description ot BDOS runctlon 1¢, s=2e pare 29
jin "C®/M-86 Operating System System Guide ¢ty Diegital
;Research. Two error conditions are reported: (i) t¢
’no 2ata has been entered and (2) it the data erterea
iyis non-numerical. In eacn case tce user is promptec
1tor data aegain.

4

con_in:
call save ysave 3ll rees
con_in_1: mov cl,bdos_1% ytdos concole in
mov dx,otffset tuffer tiaput buffer
mov butter,3 'max char ~ount
int ddos
cmp aum_chars,?d yck for ne cnars
Jme clomidn S
cog_in _2¢ mov cl,bdons_9 yconsole output
mov dx,oftset err_in 310~ 0t err mse
Irdv edos
Jmp con_in_1
con_in_3: mov 4l,num_chars ycheck each caar
mov bx,offset asc_ddta_ljentered for
con_in_é&: mov al,(bx] jvalia asc numeer
~mp al, ‘e
Jb con_in_2
=
emp 59 9
Ja con_in_2
inc ox 122t next nymoer
dmel Dl jtest for last num
Jz ~on_in 5
Jmp con_in_4
coa_in_S mov 4x,¢ sddltizlize rSsult
mov bx,¢
CTMp num_chars,l yck for 1 char

JEe con_1in_6
mov bl,asc_data_ld
jJmp con_in_8
con_in_6: cmp aum_caars,?2 ek 1O 2 BEars
JEE: >0 _18_ Y7
nov bh,asc_data_l
mov ol asc_iata_z
Jmp con_in_&
coa_in_7: weT dl,a8C rate_l ymust te & cnars
mov bh,asc_data_2
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mov Dbil,asc_data_3

egn  in B mov ms_2ata,dix 3 S.aviel ERes I
mov 1S_data,nx
call restor

mev dx,ms_data yplace in ax
mov bX,ls_data yand bXx
ret

§ 363 R RN R KRR XN R AR K T RO TR RO RO R IR 5 5 I XE RO RS 570 I 3450 06 20 48 0 KR8 28 06

sSudbroutine: asc_dec
yEntry conditions:dx contains ASCII representatiorn ot most
significant 2 d4igits of ¢ 4igit rumper
bx contaias ASCII representation of least
signiticant 2 digits ¢t & aigit number
Exit conditions: dx contains 4 diegit BCD =2quivalent or 2x
and bx
Registers altersad: dx
Subroutines callsd: rone
Descriptiocn:
Upon sntry to this subroutine dx ard bx must
;jcontain tne ASCII representation of a 4 dieit numoer.
yEven i tne digit to be converted is not 4 cigits, taese
yregisters are converted and therefore the number must be
sjrignt justitied witn zero fill.

b

® We W We we we Ve we ws OO

asc_dec:
pusih &ax tscave registers
pusa c¢x
push bp
pusa si
mov si,2¢€tn yinitialize mask
mov bp,d1ln sinitvialize o
asé_dec_1: mov al,dl yget tfirst cnar
and ax,si
mev cl,al 1Save result
mov &l,dn 122t secona crar
and ax,si
mov ch,al ysava result
mov ax,?¢ jclear ax
mov al,cl
mov 1,4
sn!l cn,c!t ysnite
add al,cn sresult in atl
mov dX,ax yplace irn 4x
cmp bp,¢Yn rcneck for end
J2 d96 Beec e
mov di,dx ymost siegnir in 12i
mov bp,dYn
mov 4dx,bXx rac) leaest signit
JAg &€ 48z _1
asc_dec_2: mov cl,¢d8n
Sl atil el
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aad dx,di yfinal recsult
pop si srestere regs
pop bp
pop C<x
pop ax
ret
;************R**R************R*****#*************’ﬁ******#*#
sSubroutinesdec_bin
yEatry conditions: dx = Contains & digit BCD number
7Exit conditions: dx - Contains binary eauivaiernt
yP2egisters Altered: dx
sSubroutines called: save,restor
sDescription:
Tnis subroutine converts tae birary coded aecimal
BCLC) number tound in dx into its vinary equivalent
and places the result in drx.

-~

A we we 2o we

ec_bin:

call cave ssave all rees

mov ai,dx 1save a copy

mov si,@ yinit result

mov bp,R360n sypower of 1%

mov ¢cl,0cn sinit shitt ta-tor
dec_obin_1: mov ax,tp smove power of 12

mov ch,an yto ¢n

shr dx,cl syshitt HCD number

mov bx,dx ymove it tc bx

and box,¢¢¢th ymasgk ¢ft the pyte
dec_rtin_2: mov ax,dan smultiply factor

mul bX

mov bX,ax ymove result to bx

iec cn sydec power ot 1¢

Jnz dec_bin 2

add si,ox yddd to Tresult

sub bp,~%192n yacjust power of 1¢

ytor rext loop

mov dx,dl yrestore numter

sub cl,24n yadjust shirt count

jrz dec_bin_1

mov 4x,ail syrestore numper

anga 4x,¢¢¢tn ymask ort last byte

add si,dx yfinel result

mov bin_num,si ; result ‘bin_nun’

call restor

mov 4x,bin_num ymove result to d4x

rety

§ 6 S %I R0 X R0 XTAE TR KA X XTIE K RRCIE AR A FOHC I R XC R XOIK HE ROH IR A0 LR R I R N R XA FRRK AR I
;Subroutine: bin_dec

yEntry conditions: 4x contaias tinary numoer in ranee ¢-999
yExit conditlors: dx contains 4 digit BCD eguivelent
yRegistars alterea: 4x
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Sutroutines
Description:

3
’
.
’

’
3
’

3
’
L4

ecimal eqguivalent.

called: <cave,reéstor

The binary numoer
entry to this routine is coaverted to its tirary coced

4 Note that no CneCKs are mace on the
jvalidity ot the number but that 3ay numrber outside 9ot the

tound in reegister dx uvpon

yrange ©#-99S decimal will produce unpredictaple resuits.

’
bin_dec:

bin_dec_1:

pisal dleieiizl:

bin_1ec_3:

pin_dec_4:

bpin_dec_6:

-

Promaromy

call save

mev di,dx

mov bx,ottset
mov tp,21n
mev ans_1s,¢n
mov ans_ms,¥%2
mov <l,¢n

and. d.x.bp

cmp dXx,€n

jJnz oin_dec_ 3
L EE A3 L

cmp cl,Pan

Jz bin_dec_£
snl bp,l

mov dx,di

Jmp o _ase 1
mov al,clt
xlat table_1
add al,ans_1Ls
daa

mov ans_1S,al
Jb tangdec. t
mov bx,ofts2t
mov al,cl
xlat table_2
add al,ans_ms
123

mov ans_ms,al
mov bx,cffs2¢
Jmp L0 dee 2
TovV al,ans_ms
add al,ln

daa

mov ans_ms,3al
Jmp vin_dec_4
mcv ax,@

mov al,ans_ms
mov cl,8

shl ax,cl

mov °X,¢

mov cl,ans_1s
ai1d ax,cx

A2 L P Ry

taole_1

table_ 2

table_1

123

ysave 2ll registers
ysave the number
ytranslate table
sinitialize mask
yinitialize result

yinit tbol pesiticn
ycneck for tit set

supiate the result
supdate position
jtest last crneck

supdéate tne mask
srestcre rumreer

yofteet trans tbil
ytransiate number
syupcate the recsult
yadjust resust BCD
tstore result

ypoirt to tacle_2
stranslate aunter
yaijust to ECD
sstore result
srestcre RX

yadd 1 to ms tvie
racjust result

1Stcre result

ytinalize rescit
y1oad saidt count

P, S O ) G S N - DRI SR W SN PN W SN GNP LI GNP




- mev 1s2c_num,ax 15ave resulvt

k. call restor yréstor registlers
¢ mov d4X,dec_num jmove result te X
3 ret

§ R RORE ROR A AR KRR KR R ARR R ROR R R RO RO R K KT R R IR RO ORI R KK I IR R
ySubroutine: dec_asc
yEntry conditions: dx contains 4 dieit BCT numrer
yExit ccnditions: dx contains most significant 2 digits

in ASCII code

bx contains least significant 2 digits

in ASCII code
Reegisters altered: dx,bx
Subroutines called: none
Pescription:

The 4 dieit 2CC numter tound 1n dx upon
ertry is converted to its ASCII eyuivalert ana placeid
in d4x and bx. No check is made on the validity ot tre
data in 4zx.

L t Ty vﬁw e
.[ . v v e

AU we we woe vy we we e wy W we we

D
0

asc:

.-,vv!y-v LA a4

pusn ax ysave registers
pusn c¢Xx
push 4i
i pusn bp
K mev 0p,Y1la yinitialize tiae
?' mov al,dl yal low nyoDl=
mov bl,dl ytl nign nycotie
dec_asc_1: and al,é2¢tn
and ol,et¢n
acgd al1,34n syconvert to ASCII
TOV Ccl,&
shr bl,cl
add bl,39n yconvert to ASCII
mov cl,al
mov nh,bl ymove Tresvit to oX
cmp bp,¥%¢h ylast conversion?
Je dec_asc_2
{ mov Dp,¢&n
¥ mov ai,cx jlow result to di
mov al,dn
mov Hl,dh
Jmp dec_asc_1
dec_asc_2: mov ¢Xx,CX
mov bx,di
pop bP yrestore reglsters
pop ¢i
pop ¢X
pop ax
reg
;gg**##*u##u#a#a***v**#****#**m**#m*v#*am*****v*ﬁu*******za
ySubtroutine: save
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yEntry corditions: none

yBxit conditions: all registers are pushed oa the stacyg
;Registers altered: none

sySudbroutines called: none

yDescription:

Tnis sutroutine pushes all o¢ tne registers on e
sstack, Note that the call return is preserved.

save:
mev temp_ax,ax ysave ax
pop ax ypoOp return add4ress
mov temp_stacyKk,ax 1save call return
movV ax,temp_ax yrestore ax
push ds tpusn all reesisters
push es
push sS
push bp
push si
pusn ci
push ax
pusn tx
pusa ¢X
push 4x
mov ax,temp_stack jrestore call return
push ax
ret
§ AR IR XWX AKX IX A XXX AW X0 A A AW A I R0X R R0 R IR HR RO IR KR ROA KRR R I 0N AR
sySubroutine: restor
yEntry conditions: stack contains all the resisters
sExit conditions: registers are restored to tnhe cozadition
;prior to the call to “save’
jPegisters altered: all except cs
sSubroutires called: rone
yDeszcription:
H Tnis subdbroutine returns all registers to taeilr
;same condition prior to the call te “save’.
’
restor:
pop ax ypop return addaress
mov temp_stack,ax j;save the rall return
pop ax ypop all reesisters
pop Ccr
pop bOx
pop ax
pop di
pop si
pop bp
pop sS
pop es
pop ds
mov temp_ax,ax jsave ax
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pin_pum
temp_ax
temp_stack
temp_tk

LA vg"?"v—vv'—'
g . .
e W0 e e

’
'
’
tatle_ 1

table 2

puffer
num_chars
] asc_data_l
] ase¢_data_z
8¢ _d4%a_S
ms_data
l1s_data

[}

e i i L L Ll o
. il

»

R B S Sy 2

5

Ty

Y Y

mov ax,temp_stack srestore call returrn
pusn ax

mov ax,temp_ax yrestore ax

ret

DATA SECTION

dw [ ruseac ty dec_oin
dw g yusec¢ by save ang
dw ¢ yrestor

dw pon jused ty trx_num

db ¢1in
ip g2n
ab ¢an
dt Z8&n
ac 16h
db 32h
ab 54hn
ab 28n
do 5€n
gb 12n
ib ¢en
b von
ib oen
ab Z¢n
b 22n
an 20n
ib ¢en
act ¥ln
i 4
1D ¢5h
alle; 20n
at ¢dn
dw ¢Zh

§ % RO XX RORE 2 KR R XK R RO R R HER XK R R RO KR R 00 3 KX X0 500 K HERC X3 R0 R0 H0 I AR IR R F AR RO R K

STORAGE REQUIRED BY BIN_DXC

STORAGE REQUIRED BY CON_IN

dbd 9en
ib ¢en
db vdn
dip Zon
40 ¢én
aw @¢n
aw #0n

12¢
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STORAGE REQUIRED BY REV
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cmd_name_¥¢ do “Initiaiize tae Disk $°
cmd_name_1 ab “Verity Irvitialization $° -
cmd_name_2 ab “Initialize and Verify s’ ,
cmé _name_3 ab ‘Format the Disg $° |
cmd_name_¢ ab ‘Terity tae Format $°
’
rev_tabl ab wip,cr,1f, Command to be executed:’
do G s |
? ‘
rev_tanl_1 ap ‘Pnysical address ot logical’ ;
dp * sector @#: ° 1
asc_log_seck ao ¢¥on :
asc_log_sec_1 4bp @01 ]
asc_log_sect_2 db e¢¢n -
db cr,lt,’Sector skew tactor:
’
asc_SKw_tar dp ¢¥én
asc_sxw_tac_1 db ven
asc_skw_fac_2 do ¢Zn
dp cr,1t, “Locatioa ot spare sactor:
’
asc_spar dao 00
asc_spar_1 ab ¢¢h
asc_spar_2 ib g¢n
rev_tadl_2 G cr,lf, “Disg nead numper:
asc_head db e¢en
asc_nead_1 db ¢on
asc_neac_2 b 2¢n
do cr,lt, “Beginring track aumoer:
asc_beg_trk db ¢én
asc_teeg_trx_1 ib 2én
asc_beg_trk_2 av ¢en
db cr,lt, “Ending trecg numeer:
as~_ena_trk b pen
asc_end_trk_1 are ¢Zén
3%c_sond _trk. 2 ap 20n
db Cr,lt,lt
ab ‘Strike <enter> to continue’
ab e

STORAGE REQUIRED BY PROC_ERR

-e es e we

err_code ds von

proc_err_tapl db wip,cr,1¢, ‘Statistics cn Command *
ib Aportion:
db cr,lt,’Command teing executed: S’

|
:
|
|
é
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[ pree . AT® uinl 1 @t crylt, ‘Disk neac number: °
4 asie_d% haad ib oen
i asc_dk_head_1  d4b 0en
2 asc_dg_head_2 dao €¢on
L db cr.1f, Last trx zumber processed:
3 asc_trk db ¢on
. =Tl ! ib ver
3 asc_trx_2 ae £¢n
ﬁ ab cr,lf, last sec number processed:
g asc_sec ib een
3 asc_seec 1 do ¢¢n
[ asc_sec_2 ab 2¢n
3 db cr,lt, “Error coae: °
- &E) ERT 1€ ab o9n
L. agel ert L1 db 22n
agie LarE le 12 ab ¢en
4o cr,lt,lf
db ‘Strike <enter> to ~ontinue’
db ’$I

JUMP TABLES

-e

Jmp_tapl_1 dw in_ver_dsk
dw in_ver_ask
dw in_ver_dasxk
dw fm_ver_dsk
dw fm_ver_4sk
dw desier
dw s_end
Jme_tael 2 dw Reaidl @
dw read_1
1w reag 2
dv read_9
dw read 4
aw read_5
aw read 5
Jmp_tapl_3 dw rev_ent
dw cag_ent
dw e_cmmd
iw main
aw s_efda
Jmp_tabl _4 iw cmd_name_2
dw cmd_name_1
dw cmd_name_2
dw cmd _name 3
dw cmd_name_4
Jmp_tvapl_2 dw G
dw che & ,
dw che_9 1
2w chg_1¢ 1
: 1
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dw che_11
[ dw cng_1z
'?g Jmp_tabl_6 w chz_10
- dw cnz_11
E; 1w chg_12
ok ] s e = - cassnesmesEsasmsSmessse
= ; DESCRIPTION OF COMMANDS
- ’
?
Fig read _¢ a0 wip,cr,lt, “Initiatize tne Disk:’
5 db ey Lel < Tnis command is used °
- ae “to write tae aadress ang °
- ib data tields on the 2isk,
. db cr,1¢, It snould osniy te usea it’
d dp ‘ a disk fault is suspected’
& ao 53505 d45¢ 5 dbsg
E: ab ‘strike <{enter> to cortinues’
= read_1 ib wipycr,1t, ‘Varity Initialization:’
- at cr,lf,” This commang is used in
q ib “conjunction with tne Iritialize
S db ‘command.’,cr,1f, “Any errors tnat ’
- do ‘are discovered’
- ab ‘durine veritication
d b “are reported at tne console.’
ib cr,if
ab ‘Tne error codes can be founa ia °
dp “the Micropolis Technicat Manual °
at ‘pp 24-25°
40 SrEn R
iv “strige <enter> to n~cntinues’
reac 2 i gipy el paiz e RaimEh
ah “Verify simultaneously: ,cr,lt
an “Phis is a comovinatior ot the °
ab ‘previous two commands.’
at cr,lf,lt
db ‘strike <enterd> to corntirnue$”’
reaq_2 ab wip,cr,lf, ‘Format tne [Cisk:’
oL fs) cr,lt
ap ‘The controller will place 51n in
dc ‘all data tields’,cr,if, curing
10 “iaitiatization of the aisx.’
de CIT NS
8 ‘Tais commana is used to replace
do “51n with E5h as this is “,cr,lt
dt ‘wnat CP/M expects to tfina to”
ab ‘create a airectory
ab C Byl el
ah ‘strige <enter> to continues’
reai_a de win,cr,1t, “Verity tne Format:’
) 28 - P
it ‘ Verifies tnat ESz is 1in thae
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L
B
.
3 av ‘aata t'ields ot tane disk.” i
A i (5 T3 ) dh 1
m av ‘strike <eater> to continues’ ‘
read_5 ab wip,cr,lf, ‘Read a Descriptior of ;
1 do “tnese commandS" Gl ST e :
’ ab ‘ A quick look at tne commands '
1 a0 availaole in tae Micropolis :
ﬁi it cr,lt, "Mairtenarce area.’ 'rr,lt,1t ]
db ‘strige <enterd> to continueS' {
read 6 b wip,sr,1t, “End tnis sessiozn:’ 1
4a'e G WU
- db ° Immediately terminates tne
1 at ‘session with no further action.’
»‘ dat (che 3L ig 5 dhhe
5 db “strike <enter> tc continues’
. ; [ U — - . —— — —— —— —— —— o —— — —— —
- ; MENUS
E :
- '
- menu_1 2 cr,1f, Select Option:”
F' b er,1t,7{€) Initialize tne disk’
- .- db cr.lf.'(l) Verity Initialization’
- db cr,it, "(2) Intitialize ana Verity
- ib “simultaneously”’
- db cr,lt, (3) Format tne aisk’
ip cr.lf.’(4) Verity tane Fermat’
i av cr,l#, (5) Read a description of
> ar “taese commands’
- ds er,1r, (8) Eand this session”’
3 10 ) ’Pnte* selection ==> s
3 menu_2 db GFyAt, “Selecy Yptiome”
.l it or, l!.lt.’(b) Raview entr ys
gt ab er,lt, (1) Change an entry’
1 cr,1t, “(2) Bxecute cermand ’
= it cr.lt, "{3) Start over’
4 cr,i¢, (&) End session”
- io cr,1¥,1t, Enter selection ==> s’
e menu_3 ® cr,lt, Select vaiue to cnange:’
B At cr,lt,1t, (¢) Pnysical adaress of -
£ a0 “lozizal sector ¢’ ?
r ib er,if, (1) Sector sxew facter’ 1
; &k cr,1#,7(2) Laocation of spare ’ 1
} it cr.lf, "(3) Disk neaz number”’ 1
»q ab er,1¥, (4} Eeginnine track numpber’ b
K at &7, 45 ~(5) ERaYpa vrack aumbed 1
. 20 cr,lt,1t, Enter se'ection ==> §°
i menu_< 46 ePslfslt, Sel€ct valu® TH cnange:”
3 2 er,1t, (2) Disx neac rumper’
[ ib sr,1t, (1) Peeirnniaze tracx numoer’ :
Q4 ab 6T, 1¥, (2) Endine treck nufoer’ 3
oo A0 cr,l¢,1t, "Inter selection ==> s° 3
! 139 y
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q
'
F :
: j-=mmmmmm- - oo e :
' ERROR MESSAGES 4
; o
micrst_err de cr,i¥, ‘Micropolis Dicsk Reset Errors’ '
err_in dr wip,be,cr,i1¢, "Error ian izput.’
dab ‘Only inteeger data is vaitid.
db eTebt, “Trvy agaisl =2=> S~
err_1 db wip,be,cr,lt, "Iou nave rot
ih ‘selected a valid option. $°
err_2 av wip,pe,cr,1t, "YREOR:$"
e BTy L = e Pl T . el e o 15T S
' GENERAL MESSAGES
?
end_ms ¢o cr,if, ‘Session nas ceen
. b “termiratea.s’
2 warn abo WXiD,CTylt, mmo—mm oo :
4 N A RNI N Gommmmmmm e ‘
- db er,it, Use ot this proeram will’
- dat ‘destroy tne conteats of 2isg 111”7
3 ao cr,it, Do yon wisn tec °
¢ ib ’:ontinue (y/n)? $°
. msg_1 at o 0 e Input disk neac numper
E 10 cr,1f,’Valid ranee is ¢ to & ==> S’ :
msg_2 it cr,lt, “Input tne paysical ° -]
ab addrﬂss ot logical sector ¢.° :
an sr,lf, Vaiid range ¢ to 23 ==> §° y
msg_2 at cr,1¢, “Input sector szsw facter’ T
db 2r,1?¢,°Valid range ¢ to 23 ==> §$° &
msg_4 ae cr.lf.’Vaiia range @ to 579 ==> &7 s
mse_5 10 ar.le, “Input deginnineg 3
ab “trk oumoer,s’ 4
msg_o6 2 {3 CSIRLIlN Input enaing track number.s 4
msg_7 1t cr,1t, "laput locatior ot ° I
gr “spare sector i
ip ok Wil Valid racee ¥ to 255 ==> 57 ¥
meg_R dt cr,lt,1¢, Currently formattire”’ 1
1D ’ and/or verifying rermat of 1isk’ 1
‘ i0 ergnt s Plaaso STaANdDY e eaeasd’ 4
F’ msz 124 b iRy it li. ‘Currentiy iritieslizing ° 4
1 db 'and/or veriryine disz”’ 4
. 46 cr,lt, Please standov.e.....5" )
f msg_11 10 cr,if,Commana was successtully’ :
f ib “ executed.s$’ y
, o ™ T et e e e e e e L e S Siie e (G e | e | e e e, e emeg L S50 o s 1
F' ; MICROPCLIS PARAMETER TAELE )
’ -
: cmd_bdyre ao 4¢n :
t parml ab ee¢n ]
: parm2 a cen 1
-. 4 pérm3 dab én 1
¢ parmé ap 2¢n ﬁ
3
. !
; 154 :
E §
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parms 40 ¢¢n
parm§ arp Z¢n
eo_byte ollo 22n
; ---------------------------------------------------------
’ STORAGE REQUIRED BY MAIN FROG2AM
’
cmd_type do ¢en
log_seck AL wén
skw_fac 1b £9a
] spar ib ¢en
4 nead ap ¢Yn
- beg_trk_num aw gen
E end_trk_num dw ¢en
“ end
; B
2
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Proe Name
Date
written by
Moditied oy
For

Advisor
Purpose

e We WO Wy We We Wwe WS WO W W W

; FERRERRRE R RR
’
§ R R IENIERIRIR R

true

talse

cr

1t

arror
master
loader_bios

SMemsia2

(V]

1system addre

do0s int

-e weo ¥

IF

PROGRAM LISTING OF CPMBIOS.AZ6

CPMEBIOS.AEE (Master CPM kKios)

S April 1985

Digital Researnsn
Mark L. Perry

Thesis (AEGIS Mozeling Greup)

Protessor Cotton

nis bios is tor use witn tae iS2R86/1Z24.
Includes lozin and loeout routines ana ail
Read/drite operation conduvctea via common
memory. It also inciudes the code tor
2enerating a loader for tne 2Zemex f1loppy
cisk.

3% 3% X8 X% AR 3% 3% 56 A 30 50 AE AR 57 X HC A HE K HE A KRR FE A FHE R K FE A FL A XA MR

ZQUATES

SRAIRE AR IRIR IR IR AR I HRAR AR SR AT SE AR IR IL AR MR SRR AT SR AR SRR MM RLSTRI 3 R o I USSR X
equ -1
2qQu 120t true
eyu ¢dn ycarriase return
eyu Jan yline feed
agu ¢4tthn yeeneral error indication
2ou true yfor master/clave version
egqu false yset for lLoaaer version
egu Ceftl¢n 1comMmMon memory segmernt
ses
equ 224 syre erved ELOS interrupt

not loader_bios

cop_oftsset
bdos_offset
bios_ottset

aqu ¢eeen ystart ot CCP coqe
equ ¢kdsn y BDOS =entry point
equ 2£¢@n ystart ot BIOS ccede

loader_tios

.

—— - D A — D —— D — —— Y ————— —— —  — - = =

S B B RPN

===




'frlx‘l)j

nd

Ty

’

bl oS onifsat
ccp_offset
bdas oryset

P K3

‘a

o

eau 12¢¢h ystart ot ldabios
equ ¥4423n ybase of CPMLOADELE
2qu ¢4¢6n ystrippea EDOS erntry

, j Loreig
s
(&
.
b &

U

L g g
.

cstat
cdata
toemsk
rdamsk

Gl e e
]

e

cseg
ore

org

e v

tios:

i Jmp
Jmp
o jmp

Jmp
Jnp
Jmp
Jmp
Jmp
Jmp
Inp
Jnp
jnp
JTp
Jmp
Jmp
Jnp
Jnp
Jnp
jmp
Jnp
Jmp

t
3
o

o T
3 .

N
®

ENDIF

equ
equ
equ
equ

¢dan
2d3n
1
2

yloader_voios

yconsole via trhe 18251 USART

yStatus port

jaata port

ytransmit outfter =mpty
yrecelive data avajilaple

ccportset

bios_offset

;***********************************************************

yJUMP VECTORS

INIT
WBCOT
CONST
CONIN
CONOUT
L.J63 TOUE
FUNCH
READER
EOME
SELDSK
SETTRK
SETSEC
SETDMA
2EAD
WRITE
LISTST
SECTRAN
SETDMAB
GETSEGT
GLTIOBF
SETIORF

;***********************************************************

yknter from BOOT ROM or LOADSR
yArrive nere trom BDOS call ¢
yreturn console geyboard status
yreturn console Kayboard cnhar
ywrite cpnar to console device
yarite cnaracter to list cevice
sywrite character to punch devire
yreturn cnar from reacer device
ymove to trk ¢@ on sel arive
yselect disk tor next rd/write
yset track for next rd/write
7Sat Sector tor next rd/write
jset ot set ¥or user sutt (LMa)
yread 3 12E odyte se~tor

ywrite a 128 pyte sector
yr2turn list status

yxiate logical->pnvsical sector
;set seg dase tor sutd (DMA)
yreturn oftrset or Mem Lesc Tatle
jreturn I/0 map byte (iobvte)
;set I/0 map byte (iobyte)

63K X R X HOAE A XEIK A T RN FERORE 5 X0 IR TK XX TE 7R T 7% J0RHK IR R R R AW N TR TR X HE 5 32 R M KO IX RIS

Entry Poiat Routines

6 30 R0 IR 32 HOIX XK FORE HE XK HO 3R XK I 38 X0 K XK XK HOXE K S 57 N R XS R H0 K8 X XK 50 X IR A RORE FOK KR KT 3% K0 KRR 38 3K K XS KA

--------
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. :

! :

§ \
-

1 i

i . rot loader_tics 3

k jmm————— = m———eee—meem—eeecme——me— e e i

\a ;

i incluae login.a&6 ylogin & Logout procedures

! ;

[ jmmm o e e

i ENDITF

F 3 7 X626 230 3 30 X A A0 K AKX A K AK A0 A0 R0ROH A0 AR RO R R ROPRAK AR R AR AR RF

¢ INIT: iprint sigrnon message and initialize nardware

4

yand sottware

mov  ax,cs ywe entered with a JMPF
g mov SS,aX 150 use css: ac inirvial
. mov ds,ax ;ysegment values

- mov es,ax
mov  sp,offset stgbase ju
@ alel HE

se loCal stack
lear direction flag

LB not loader_tios

This is a EIOS tor tne CPM.SYS tile

Setup ali int2rrupt vectors in Low
memory to address trap

e we 0! Wy WS wa

pusn d4s

push es

mov iotyte,y yclear i/o0 tyte

nov ax,¢ yaadress trap routine

mev as,ax
nov 2S,3X

mov lnt¥_offst,offset int_trap
mov 1intd_segment,Cs |
mov di,4 ypropagate to remainine 3
yVECLOrsS {
mov si,¢ |
mov °X,bl¢ y
rep movs ax,ax 1
mov bddio,ddos_otfset jcorrect rdaos int vector }
pop €5 ]
pop 4cs ]
’ 3
e B St~ ey e 3
ENTCIF ynot loader_bios 3
IF loader_bios 1
= e = = S ey — ot i i ]
’ g
. ’ Tnis ts a BIOS tor tane LOADER j
J ]
]
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: ik gl
3

o

AR o ]

e T
MK r
oy O g
’
,

.
s

5 SR

push ds

nmov ax,v

mov ds,ax

mov bdio,btdos_otftset
mov bals,CS

pop ds

we we

syS5dave d3t3a seegme:nt

ypoint to segment ¢
ycorrect ottset
ybdos lnterrupt segsmeat

ENDIF

c3ll con_1init
Xar bx,bx

inil:
mov ax,irtollbx]
or ax,ax

jz ini2
push bx
call ax
pop bx
inc oox
inc bx
jJmp 1ni1l
. IF not loader_bios

call login

mov Dbx,ottset siegaon
call pmsg

nmov cl,user

yloader_blos

sinitialize -~onsole
y£21 mass storage

sinictializatior tabdle
squit 1¢ erd of tabple

sycall init entry
ystep to0 next extry

yloop tor next

syprint siegn on mse

- ——— —— — —— — ——— — - — — -

mov bx,o0ffset signonl
call pmssg

mov cl,0

nmov unit,?

yprint sien on message

rd

;jdetrault to “a’” on ~oldstart

ENDIF

jmp ccp

s loader_volos

sjump to cola entry or CCP

3 T TR XITOR NEXCH RO XX RIEHE R I R AR KX JOR R KC R AR RKORCHORT IR AL S0 AR KT REHE KX RO KO A IK

NS e P NSO, R W, SN P S YR SO SN

T

{
1
94
4
4
o
4
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ool i e B L

WBJOT: yenter CCP at comména level

Jmp ccp+5

O R e ot bt b L ol
CONST: sreture console status

in al,cstat

and al,rdamsk

jz conl

or al,dtth sreturn non-zero if raa
sonl: ret

§ ORI IR HA R IR K AR R KRNI R TR 0 N R R I XA IR INI A RORE NI R RO HI R KKK

CONIN: sgat a charicter from console
cail CONST
Jz CONIN swait tfor RDA
in al,cdata
and al,7¢n ;read data S remeve parity titv
ret

R R R R R R R R R R R R R ER R R REERERERREUERBRBERILIRBRRRRRER
CONOUT: ysend 3 character to consol=

in al,cstat

anda al,tpemsk sget console status
jz CoNnOCT

mov al,cl

out cdata,al yxmit puff is empty
ret

§ 5 K AR IRAR XN K R K K H A R R AR RORR TR 3 R R AR A I KR R AL IR X X IR IR IR KK

LISTOUT: ssend character to List devica
ynot yet implemented

ret

§ % R IR R IR R NI AR AR TN R R A X K I X FI A R HHE I RO R FA IR R RO KA K

PUNCH: swrite cnaracter to puncha devire
snot implemented

ret

§ TR IR A ROAK AR 3K T 00RO ARHCXE R AWK IR IR R IR IR IR RIWIRRIREE
AREADER: yget cnaracter from reader aevice
srot implemented
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T
= |

Ty =
. " K
[ ’ F

TorT '-".-"-'TT T
@

mov
ret

i A R R R R R T T i S R i e B e e o P —

al,lan sreturn eot

R it L L

EQME: ymove Selectea disxk to trg ¢
7
mov track,d
XxXor bx, X
mov btl,unit
add tx,bdx
call nmtbl{bx]
ret
'
H
;********#*******************#*****#**v*******#m*u**u*#mv#*:
SELDSK:
jreturn pointer to appropriate “aisk
sparamatar tlock’ (zero for bad unit z20)
s NOTE: nunits is aetfinea in tne .cfg tile
mov unit,cl ssave unit numrer
mov bx,90¢¢¢n sready for error return
cmp cl,nunits yreturn if teycnd max unit
jndb sell
mov bl,urnit
add bx,x
call dsktoifox]
Xor bx,bx
mov bl,unit y0x = ¢l % 16
nov c¢l,4
snl rtx,cl
mov X, oftset dpbase bXx += Adpbase
add bx,Cx
sell:
ret

§ 783K 3 5K 26 K 3K 1K RO AR KK A0 R H AR R LA ROA R K ASHE TE 300 R R0 AR IRR R R R A XTI IRH R IR IR

SETTRK:

mov
XorT
nov
aid

yset tracgk adaress

tracg,cl
bx, bX
el,unitc
tx,tx

calt triktbl(ox)

ret

XEHE A XL AR REHE A 2K X0 2R 3 RCAC I R R KKK ROHE AL R R XK X0 XE KA AT XC XC XQXOH AL XA X2 R K XS AR KM XQ HRR X KK

S
SETSEC:

mov

yset sector aumbper

sector,CL

13€
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Xor bx,bx
mov bl,unit

add bx,bx
call sectollox]
ret

3 7 TN IRASHE K0 XE R RO 3K ROHK H0 R A0 303K R KRR KO TORE 3030530 30 34 30 30 30 50 38 39K 303 R0 30 76 53K 3K MK KA KRR K ALK

SETDMA:

yset DMA otffset given oy cx

mov dma_adr,cx
ret

L RS SIS B EEELE RS LR ELEEE L B DR L P b L S

READ:

sread seiected unit, track, sector to 2ima addar
yread and write operate oy an indirect call
;tarougn tneé appronriate tacle contéirned 1in

;the contiguration tile. It 1s the programmer’s
yresponsibility to ensure that tne entry points
yin these tables match tne unit type

xXor Dbx,bx
mov  bi,unit
add bx, bx
~311 ratblldx]
(=05

PRRRARR NG RRBRERFNRRA R DRGSR AL ERRRARRRAARRFRRSR AR R RIRNE RN RS

WRITE:

;jwrite ¢from dma adaress to selscted
sunit, tracg, sector

XE\L | VgD

mov  bl,unit
add ox,DdX
call wrtbl{bx]
ret

3 N TR RREAT 330K AR RE N AE OR K0 RS R KO I HOIR T KR TR R T AERAT RN A M ACRCR MM KON MR KRR AR

LESTST':

ypoll list device status
ynot implemented

or al,arth sjreturn ready &nyway ¢r
ret 1System may nang up

3 R RO R RO FNRE RO R R R KA H R R TR R G RO HRE R RORRA R AR RRR BRI HX
SECTRAN: jtranslate sector cx by tasdle at [ax)

sNOTE: this routine is not azsquate +or
ytne case of >= 256 sectors per track
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;still it’s better than DR's whizch is rot
yadequate tfor the no tavble case eitner

mov ch,@
mov bx,CXx

cnp dx,® ycneck tor no tarle cace
je sel
add bx,dx yadd sector to table addr
mov bl,[bx]} jget logical ssctor

sel:
ret

§ SRR TRIRIX XKL 5 ARRE HONR K B0 K AF B RO RO AL ROIRE REKL G M SRR TS IEKE 26 KD NORE MO FEA R R BIRAT A IR MK KR
SETDMAB ¢ yset L[MA seement ziven by cx

mov cma_seg,cx
ret

§ SF R AR ROR A AR R AR KR ROROIE O A WA FOI KO T ROH T KRR TR XOR RN TR I IR AN
GETS GT: yreture addr or physical memory table

mov tx,otffset segiaple
ret

3 0 30 3EXE R AXXT I FRHL I HRA I TR AIOR T TR AR TR R RO RO R R A T N AR AR R L
GETIORF: yreturn iobyte value

ycote = tais tfunction anda SETIOEF

yare OK but to implement the tunctiorn

ythe cnaraztar I0 entry poiat routines

symust be modaified to reairect IO

ydepending on the value of iobyte

mov al,lotyte
rey

3 AR IR XA ROR A TR KR TR TR A IR T A AT A T T RIS T KT A IR TR R IR KR
SETIOBF: yset iobyte value

mov iobyte,cl
rey

X0 XERT ZERTAT AT KT 30X KE AL XK 3% A AT FEIX 4 X8 3% 30 HE HE38 R A 56 X0 AXAE AT 310 H0IR 3 X034 N RLAE 330% 30 5033 AEAE KT SAM M AR AT TR

SUBROUTINES

EE 2 33T EIIXIEL LR TR IIII TR TLITTEEELEIELETIIZEEIRFEIET L2 37203
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e not loader_bios
; - - - - ne A D > - She - —— - — - — - - -
’
int_trap: sinterrupt trap — non iaterrunt
sariven system sd snoulc never get
yhere - send mesage and hait
cli yblock interrupts
MmOV ax,CS
mov ds,ax y€et our dava sesment :
mov bx,offset int_trp
c3all pmse ]
nle yhardstoy i
:
’
; ——— - ——— ne — - SR8 Gae e —— — - — - - - the @ $he = =
ENDIF ynot loader_bvlos

con_init:

yinitialize censole ariver
jactually done by the i1SECE6/12a monitor

e @ P ®

ret
’ o e i .
pnse: ;send a message to tne console ‘
mov al,(bx] jeet next char frem messige i
test al,al .
Jz pmsl v1t zero returrn {
mov cl,al 1
call CONOUT jprint it '
ine bx i
Jmps pmse )
pmsl: i
ret g

7 T XA R RR K

iaclu

By N <

DISK INCLUDE FILES

X XK XK XK R X R XXX AC R RCHE XK XCIK 3K XK A XK X FAEXK T AR AKX XA XK A AWK RAK K ARAC K K

de rxtlop.ake6

inciude micnard.ags

IF

not loader_blos

include mb8Cdsk.aB8s

include rxnard.ass
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ENDIF ynot loader_tios

3538 7 3837 X% X0 K8 XE ATAE XE K A% 3¢ K 38 KE XK 3,8 X2 30 38 38 XM K5 RE 28 38 HOXC RS X0 33 00T 48 33 XE K 38 58 X8 38 38 A3 5838 30 & 30 SR AT AT 4 A8

RESOURCE ALLOCATION

E X 3K 2% XK XK K RE XK 3K RE X 3K 32X 3% X6 3K 303K A 3K KK KA K A K HE 3K 2K AK XA I B HC A0 XS XK RO KOKE KO X X2 XTI 18 KX XC 3X I KA IR

e e we

low=level synchronization ot access to tne snarei
device., <sync.a86> must include tne taree entry
points defineac in trne cteg.tfiles. Trhese are
cdllea on initialization and before arz artcer
accessing tne resource respectively.

IF not loader_blos

- - ——— . - D o —— —— - - - - ——— — - ———— — — —— - —— -

inrlude sync.a85

we we

SNDIF ynot loader_tins

XE R AE XS RR A0 JTXT IR TAE K HEXE XS KE 3K RW AT XL A X0 HE I8 KEHC KR KX 38 18 38 KK KK KA X% 30 0 30 A8 0T 38 3% XE K XXX AR 46 XK A 30 KK 48 XK B XX K

DATA & IOCAL STACK AREA

B8 ATAE HEXEAR F3 T XEIXAE XK 0 X6 36 36 K6 A% 36 360 AT IR 38 HEHTHE XK REHE T 3 6 3 3E B3 55 33 30 3% 38 B KA IR A2 3056 0% I A IR KT R 50 3R AR

cseg $
signon 2bo cr.lf.cr.;f N
do CIPIN RIS
it master
db ‘CP™M/u6 Master
endit
if not master
1b ‘CPM/YS Slave”
endit ]
)
IF not loader_bios 3
- - - e i —— ]
; 4 4 ﬂ
ab () S4BT Moa1itiea 4
ab ‘22 April 1983 oy’ 1
a5 EE L ’ ]
db “marc L. Perry” 3
ab CIR NI 1
ab ‘ For use with a Bubble Memory , ° b
db “tne REMEYX Pataware House, ,cr,l¢ A
db . and tae Micropolis Disk Drive’ 1
db BSOS dceTis e ]
H 1
: - R T e e e e e R |
ENDIF jnot loader_blae e

adi
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1B loader_bios
; - o e T e,
’
signonl db crolt,’ CP/M-86 Loader’
ib cCr,lt, Version 1.¢°
db cr,lt, Loading CP/M from tne Remex’
db “ Floppy Dis« Drive. . .7,¢C
’
: —— e, e = o e W R
ENDIF yloader_bios
int_trp dt e R 5
ab “Interrupt Trap Halt”
ab cr,lr,2
iobyte rb 1 jcaaracter 1/0 redirection bdvre
unit TD 1 yselectea ucit
track rb 1 yselected track
Sector rbd 1 sselected sector
dma_adr rw 1 yselected DMA aadress
dma_seg Tw 1 iyselected DMA seement

loc_stk rw 1¢¢ ylocal stack for initialization
stkbase egu ottset $

ysystem memory sesment tacle

segtable ab 1 71 segment
dw tpa_seg ylst seg starts atter BIJS
dw tpa_len yand extends to top ot TPa

X6 XE K RCAERE 30 A 3 AR A AKX AR 3K I AR 3K 50 AC XO R A A HEHE K A X A A FE KA XA NI XKL AK I X R 32 I O K K ACHK KK

DISK DEVICE TABLES

3830 AT R KT IR ST FE IR KTHE KE IR HEHEHE % ROAT 30 REKT R AE 38 A 38 KEAE HEKE KT 3058 38 38 X3 KO HTAC K 3% KO AR AW HEH MR ASRE M IR AE

ytne included .cteg tile below maps unit numter to disk
ydevice type. it provides tables of entry point
yaddressass tor use by init, read and write. These
yaadresses must appear in tne appropriate include
yfile for the particular device type

inzlude cpmmast.cte sread {n contisuration
ytable
IF loader_bios
; - e o S aman - — e = an o -
’
inzlude ldrmast.cfs yread in contiguration tabdle
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lastoft equ cffset S

tpa_segz equ (lastott+@42¢n+18) / 18
5 tpa_len ejqu geftn - tpa_seg
- an @ 7£11l last adar fcr GENCMD
3
o ;**#**#*******************###*****************##%#**##******
;! H PAGE ZERO TEMPLATE
} § MR AEREIRIRAE N0 A0 KR XEA A AL A A AT B8 N0 R R KSR R0 NG R AR A R KR AR RORR R RN AR BN M AR R R
I dseg 2 jabsolute low menmory
. org 2 ;(interrupt vectors)
- inté_ortst rw 1
k= irt¢¥_segment Tw 1
) rw 2%(pdos_int=1)
- cdio rv 1 stdos interrupt ottset

paits rw 1 y tdos interrupt segment
b end
4
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ENDIF yloader_bios

-e

stne included .lib #ile contains disg definition
stables detailling diskx caaracteristics tor tae bcos
$.11b tiles are zenerated by GENDEF from derinition.
;£iles and must comply witn tne allocations made in
sythe coerrespondineg contisuratiorn tile.

IF not loader_tios
; [R— - -———— -
’
inciude cpmmast.lid yread in disk def vabples
’
; e o e =l N N e BN B _
ENDIF jnot loader_bios
IF loader_bios

-e we

ead in disk det tavles

include ldrmast.lid B
sfor tnhe loader

-e we

ENDIF yloader_tios

X 2% 2K X6 X% 2K 2K 3K ACAR XE XK R A0 K A0 AX AKX A A K R NC AL AK AKX AK A O A A0 AT A0 AK AKX AKX 2K A% A R A XEAK AR K2 X R KL R AR 2K A RO

;
’ END OF BIOS
7

XX I A AL X A AR AT AR X XK A A XL A AX R AT AK QA TK AR A AXAX AT X AT A AL A AR AKX 3T A0 XK AKX ALK R XK XK KK AKX I A KKK X AL Ax

4
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PROGRAM LISTING OF CPMMAST.CFG

sProe Name

CPMMAST.CFG ( Master Conrisuration tor CPM)

syDate T 25 April 1983

sModified by: Marx L. Perry

sFor ¢ Thesis (AEGIS Modelinz Group)

;Advisor : Protessor Cotton

sPurpose : This code is an include file w/ipr CEMEICS.AZSE.

H It contains the device tables tor arcess 39

H initialization, read, S write rcutires. It

H also allows tor the developrent of a loader

H RIOS.
IF not loader_vtics

; — — — — . ——— . — —— — ——— — . — — —— — — . — —— — — —— — - — —— — — — — G — — ————

H DEFINE nunits

aunits 4dbv 12 $T0T3al number of mass storace units

; ----------------------------------------------------------
ENDIT ynot loader_bios

e we

INITIALIZATION

TABLE

sintbl contains a sequence ot addresses 9f initialization
sentry points to te called by tne EIOS on entry atfter

1@ cold toot.

The sequenca

IF master and not loader_bios

o we we

ntdl dw offset
dw ottset
aw otftset
aw offset
dw oftset
dw ¢

mbEedsk_1init
FXflop _Lait
initsync
init_login
rir_initv

ENDIF

-e

yinitialize
syinitialize
sinitialize
sinitialize
sMicraopoldis

is terminated by a zero extry

Euctle

temex

e¥nec variabi=as
login
Snditvarisil-ge

yenc cf table

sraster ard

I1F not mastelr and Aot loader_tios

TN P e
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intbl dwh gif fset 'moS@dse iait inttitalize Bubble
dwi oSt selt CEpE lleps TnlE rinitialize Remex
aw ¢ yead ¢f taple

ENDIF ynot master and not
yloader_oios

-e we

’ READ TAELE

yrdtbl and wrtdl are sequences ot length nunits, contaiaing
ythe addresses ot tae read ana write entry peint routines
yrespectively wnich apply to tne unit numter corresconding
yto the position in the Sequence. Tnese and tne eatry ptls
ytfor initialization must correspond to tnose containac in
ythe appropriate iaclude tiles conteaining code specirir

yt0 tae devices.

I¥ rot loader_bios

y
’
rdthl dw offset mp8Cdsx_read

yA: is a obuttle remory
dw o2tfset rxtflop_read yB: 1s Remex florpy aisk 1
dw offset rxfiop_read yC: is Remex flopuy disk 2
¢w oftset rxaard_read yC: is Remex nara caisk 4
dw offset rxaard_reaa yE: is Remex rarc disx 1
iw ottset rxhard_read yF: is Pemex narcd disk 2
dw offset rxanard_read 7y 1s Remex nara disk 3
dw ottset mic_read yE: is Micropoliis disx ¢
4w g f¥'9et mic _pead yI: 1s micropolis alsx 1
dw ortset mic_read yJ: is Micrepolis aisk 2
dw offset mic_resd yX: 1s Micropolis aisk 3
dw oiffise’t mie_ Fead yL: is Micropolis disk &
N\
; —— — —— ————— —— —— — —— ———— -
’ WRITE TABLE
wricl dw offset mbEvdsx_write
dw offset rxtflop_write
dw oftset rxtlop_writz
dw offset rxaard_wrige
1w otfset rxnard_write
dw ottset rxhard_write
dw otff¥set rxaard_write
dw offsét mic_wtlte
: dw ottset miz_write
| dw offset mic_write
@ - iw offset mic_write
dw oftset mic_write
146
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amubl

dsxtbl

dw
dW
dw
dw
dw
dw
dw
dw
dw
aw
dw
dw

aw
dw
dw
dw
iw
dw
oW
dw
dw
Ll
dw
1w

oftset

ffset
otftset
oftset
oftset
ofrset
otffset
offset
ottset
otffset
oftset
otftset

HOME TABLE

mbB¢dsg_nome
rxflop_nome
reflop_home
rxhard_nome
rxaard_haome
rxnard_home
rxhard_nome
mic_aome
mic_home
mic_nome
mic_come
mic_home

otfser
oftset
aftset
offset
oftset
2ffser
offset
ortset
aftset
offser
ottrset
oftset

SELDSK TABLZE

mEbEedsk_seldsk
rxrlop_seldsk
rxflop_seldsk
rxhard_seldsk
rrxhard_seldsk
rxnara_selask
rxrard_seldsz
mic_seldsk
mic_seldsk
mic_seldisk
miz_seldsk
mic_selask

trktol

e e e i

dw

dw
dw
iw
dw

A

("3

iw
1w
aw
1w
dw

oftset
oftrset
oftset
offset
orrset
offset
offset
oftset
safiset
offset
oftset
gffset

PO RPN

SETTRX TABLE

meSPdsX_settrk
rxtlop _Settrk
rxtlop_settrg
rxnard_settrk
rxhard_sstirk
rxnard_settrg
rxnard_settr«
mis_settirk
mic_cettrg
mic_settrx
mi~_settirk
mic_cetirg
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o

e we

sectbdl

dw
dw
iw
dw
dw
dw
dw
dw
aw
dw

A
-

dw

ofrtrset
otfset
offset
ortset
otfset
offset
otrset
otftfeset
oftset
oftset
otftfset
oftset

SETSEC TABLE

mb8Cisk_s=2t1sec
rEflep sevsec
rxticp_setsec
rxhard_setisec
rxnard_setsec
rxnard_sets=¢
PRRATE sptSec
mic_setsec
mic_setsec
piliet Lsatisiale
mic_setsec
mic_setsec

-e

ENDIF

ynot loader_bics
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PROGRAM LISTING CF MICHARD.AES

yProg Name:
yDate
y¥ritten by
s¥or
sAdvisor
yPurpose

MICHARD.A85 (Micropolis Fard Disk)

13 aApril 1983

Marg L. Perry

Tnesis (AEGIS Modeling Group)

Frotessor Cotton

Tnis coae is an include tile w/in the
BIOS. It contains tn2 nardware dependent
z01e tor the Mizcropolis Disk Driva

X ROXE 30 R XK R RE R RERE AC R K HE R R R R X AR KA N0 X2 AC R R K A H0 A6 AQHK 3K X T X RO A 7 X0 XN TR LR

,

’

’

’ EQUATES

3 7 30 X0 X0 3 38 340 R 503X A K A HC A X HX A R XA X AR R AN XN TR R AR TR TR FEH FRC ARG M6 3050 R KR 58
H

’ LQUATES FOR THE 8255 PIJ0 -—--—=-———e—mmmme—m—-
,

mic_porte equ Ycen scommand port
mic_porta equ @cBn tbl—-airectional
mic_portd equ ¥cah soutput pore

mic_ porte egqu Zccn scontrol/status
mic_modeZ_%_out =3u dcén ymede ror &Z225

’

y == LQUATHS HOR THS 8283 PIT =———==-—=———-—-—<
. ;
mic_mode_port equ ged6h ymode tor timer
mic_count_port equ 2¢adn sCOUNtEr port

mis mod= _Znel equ ge3en ymoda control value
mic_lso_value aqy Zcn tleast sig value
mie_msy_valde equ S¢n ymost siz valu=

’

® = SOUATES EOR THS S2554 PIE S——==s0=r—r=—rr
Mic_1cwl eaqu 13n scontrol wora 1
mic_tcwZ egqu 4sn scontrol werae 2
mic_icwa equ gth ycontrol wor1 4
mic_ocwl equ gefn

miz_pls porsl 2qu g¢cdn yicw poret
mic_pis_port2 equ ¥éczh 02w port

- - — —— — - — ——

e wows wa

mie_rsuwro_on
Mig TP 0%
mic_wstro_on

MICROPCLIS EQUATES

eygu $oLel1elen yreac signal
squ Ceeevelin yread sienal ct?
equ gpvov11iy rWrite signal

149
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s CP/M

yaost

Ll S e e e e

swrite signal oty
1status sigral
scommand siegral
ydata signal

yinput latcp sienzl
rlaten signal of?
youtput signral
routput signrail
jselect enanle
sjnormal reset

ott

yinput reacy
jcutput ready
ybusy

sattn or arey
jatte only

s@dreg only
ycommand
smicropoiis read
smicropolis write

sname tc¢r tyte atv BZ
allocation size
disk se~t size
disx sects/irk
yCP/M s2z2ts/host autt

slog2(mic_nstelk)

yhost

ir nstspt

;CP/¥ sectors/track
158ctor masgk

swrite to allozated
ywrite to cirectory
ywrite to unallocate

nic_wstirb_oty equ LeeuLelen
mic_stat equ BLVLVLALD
mic_cmd equ govecovuo
mic_data equ Zeueeelle
mic_strbd_on equ Y0e2v0o1¢o
mic_strb_off equ 20VeYV1ILDY
mic_ack_on equ gpoee1oeo
mic_ack_otf? equ geeeeleln

A mic_en_sel equ PoVoBYlLLH

.- mic_stndrd equ 2201¢1100b

s mic_irdy_mask equ VoL LvY1IY

p-: mic_ordy_mask egqu 20eeoe19o

L. mic_tusy_mask equ geeloeeee

». mic_mask egqu 14100880 Db

L mic_attvn_mask eaqu 1egeededn

3 mic_dreq_mask equ gY12¢e8viLd

g mic_cmi_mask equ @ep2d€lle

3 mic_rd_cmd equ g¢aen

L mic_wr_cmd egu 4e?7n

- ;

¢ o —————— Sector kElocging/levlocking ~——

E H

[- mic_una equ oyte ptr [BI]

o mic_blxsiz equ 16584

! mic_nstsiz 2qu b12

y mic_nstspt squ 24
mic_hstolk egu mia insits iz 4128
mic_secsnt equ 2
mic_cpmspt equ mic_astblk * m
HC ISeeME:s egqu mic_hstolx-1
mic_wrall equ ¢
mic_wrair equ 1 -
mic_wrual equ 2

3 cseg  $

- g = e e e e e e ] et

F! ’ INIT

‘. ?

E-. mic_init:

! IF master

g ; R e

oL d

cli

X mov al,mic_moceZ2_d_out

: out mic_porte,al

' @ MoV &l Mid_acg_ott

j- out mic_porte,al

. 15¢

e

ycalled from INIT

ana not loader_bios

tdisatle all
ymasxatle
iintérrupts
s+initialize
1¢ and 2
yinsure acxkxnowleige
1is off

to mode

——

~—wr

P T

-

fl

il

b ch h AN Boa g -a

| SR [ S LD



ke i 5 e i b B T i e e o o e e R e n i Vi kit i Tl s e e i S S e el hdr o

mewe Al mill INs & pat g s tinsure strote
out mic_porte,al 1is ottt
mov al,mic_en_sel FSET sellect L and
out mic_porto,al renable
mov bx,oftfse€t micrst_msgsoutput recset
call pmsg
mov CX,1¢ twalt 1 seconn
mic _init 1: mov ax,27777
mie_tafis_2: dec ax
Janz mie_init. 2
dec cx
( Joz mic_4init_1
k. call mic_status y2et tne status
- cmp al,mic_stnard
+‘ jz mic_init_ 3 jther return
1 mov bx,oftfset micrst_erryoutput errecr
o call pmsg

load the vector table tor tre interrupt hardler

weo ws we

Fe mic_init_3:

' push es ywant to aiadrass
b mov ax,¥ yabsolute @

: movV 25,ax

mov ax,ottset mic_int_7¢j;inteérrupt number

mov es:mic_1ip_7¢,ax 1SteTe inst ptr
mov es:mic_cs_"70,cs rand ¢s value
pop es jrestore €xtra seg

inttialize the interrupt cortroller

e ws we

mov al,mic_icwl ycontrel worn 1
out mic_pi~s_portl,al youtput it

mov al,mic_icw?2 rcontrol word 2
out mic_pic_portd,al FomGEuT 4N

mov al,mic_1izw4 ycontrol word &
out mic_pic_port2,al youtput it

mov al,mic_ocwl 752t mask reglister

out mic_pic_port2d,al

initialize the timer and set tae status dyte

-e W ws

pusa 2es ysave extra seg
mov ax,cmemses yL0 aalress common )
mov 2S,ax 1
mov mic_stat_byte,¢fth j;anv non-zero val
pPop es rcore witn status
L mov al,mic_mode_cntl 1set mode
| out mic_mode_port,al
F. . mov al,mic_1lsb_value ylew couct value )M
. out mic_count_port,al ]
!'. 151 3
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mov al,mic_msb_value
out mic_count_port,al

sti
ret
’
’ now set up tane interrupt nandler
y
mic_int_73:

pusa ax

shigh count value
ystart timer
syrestore 1nts
yand return

ysave state

’ set up local stack tor iaterrupt handler

mov sav_ptr,ss
mov sav_seg,ss
mov sp,otfset int_vpase
MmOV aX,CS

mov sS,ax

pusn es

push bx

pusn cx

pusa 4x

mov ax,cmemseg
mov €s,ax

ysave stk pcinter
1Save segrent ree
ysetv lecal peintar
yset local sSeement

ymage common
saddressacle

locg mov al,mic_stat_oyte ;rczeck status

cmp al,één
Joz mic.otenml 2
mov al,mic_cmd_oyte
and al,mic_cma_mask
cmp ait,v2
Jz mic_read 1
call mic_send
mic_wr_1:
call mic_sStatus
test al,mic_mask
Je e swr_a
test al,mic_attn_mask
Jjrz mic_tetrn
mov &x,512
X0r bx,bx
mov al,mic_but¢(bx]
call mic_zata_out
inc bx
dec dx
JEZ mie _wr_g2
Jop mic_wr_1

mic_wr_2:

mic_read 13

call mic_send
call mic_status
test al,mic_mask
Jz REe_read 2

mie¢_read_2:

152
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sacticn needen?
3nO0 tnen return
yread or write?

y Teaan?
sMusStT te write

ygel status
rdreq or attn?
yXeep caecking
ywas 1t atun?
syves, all dore
yset cournter
y2lear oy
ysend daca

ycheck status
stor final result

s $€nd commana
yget status
sdreq or attn?

<
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mic_reaa_3:

mic_term:

mic_term_1:

mic_term_2:

H restore 0ld

wsws we

test al,mic_attn_mask
Jnz mic_term

mov ax,51%2

Xor bx,bx

call mic_data_in

mov mic_butt|ox),al
inc bx

diic, s

jJoz mic_read_3

Jmp mic_read_ 2

call mic_busy

call mic_1irdy

call mic_gata_in

arnd ai,¢rh

cmp al,¢on

Jiz mic_term 1

mov mir_stat_byte,¢tth
Jop mic_term_2

mov mic_stat_byte,an

pop dx
pop ¢xXx
pop OX
pop es

rwas 1t aten?
ryes,all done
ymMust te drey
1clear tx
y&et data

rstore it in butter

ontinue

12
128t status

swait on cnirl

yindizate tailure

izate suzcress

£

jon

-e

srestore all regs

stack sSegment and poiater

mov sp,sav_ptr
mov ax,sav_sez
MOV SS,4X

mov al,mic_lsb_value
ovt mic_count_port,al

petfore final pop of ax reload counter

yleast si1g value

mov a&al,mic_msb_value
out mic_count_port,al rcour.ter starts
Pop ax
iret
;--_.. ---------------------- - — ——  — —— D —— D D G ——— D - — G —————— .y ——
ENDIF ymaster and not

IF not master

-e

e
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yno special action
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test DL,1 ylso = 7
Jnz mirc_selsetl
jtnls 1<« tne tirst activation, clear nost tuif
mov mic_nstact,¥
mov mic_unacat,d
mic_selset:
FENG

SELECT TRACKX entered after SETTRK jump

.
’
.
’

mic_settrk:
ycet tracg given ty registers CX

mov mic_sektrk,CX ytracek to seek
Jay
; ——— — — —— ——— = — — ——— ———— ——— — —— — . ——— ——— -
’ SELECT SECTOR entered atter SETSEC jumrp

mic_setsec:?
35A1 sector eiven by register <l
mov mic_sexsec,cl 1S€ctor to seex
ret

H
) READ entered after REAL Jump

mic_raad:
jread the selecte€ds CP/M sectlot
mov mic_unacnt,? yclear unallocated

[y
o
1

:\7- P P Y —
-
e
E.
-
-
;q IF not ioader_bios
- § EOTR L AR an am ek e - e e e A e L
& y HOME enterecd from EJME jump 3
E- jnome tne selected d1isk !
- mic_home: ‘
ii mov al,miz_hstiwrt ycheck tfor peniine write
' test ail,éel :
- Jnz mic_nomed
- mov mic_nstact,? jclear oSt acEivie ¥lar
- mic_aomned:
| ret
L. 3 . Pl SN S ;
o ; SELECT DISK entered from SELDSE jump .
-~ mic_seldsk: ]
= yselect disx ;
E mov cl,unit ;
mov mic_sexdsk,cl i
e ils tnis tne first activation ot tae drive? :
4
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mov mic_readop,l

mov mic_rstlag,l

mov mic_wrtype,mic_wrual
jJmp mic_rwoper

mic_write:
jwrite the sejected CP/M sector
mov mic_readop,¥
mov mie_wrtyp2,cl
cmp cl,mic_wrual
Jrnz mic_cankuna

mov mic_unacnt,(mic_Dlksiz/12€)
mov al,mic_sekdsxk
mov mic_unadsk,al
mov ax,mi~_sektirk
mov mic_unatrk,ax
mov al,mic_seksec
mov mic_unasec,al

mic_cnxuna:

scneck for write to unallocatea
’

mov bx,oftset mic_unacat

mov al,mic_una ! test al,al
Jz mie_allec

-e w8

more unallocated records remain
de¢ al

mov mic_una,al

mov al,mic_sekdsk

mov EX,ottset mic_unadsk
cnp al,mic_una

Jaz mic_alloc

disks are the same
mov AX, min_unatrg
cmp AX, mic_sextrk
Jaz mice_allec

[N T Ny g, : PP SRS ST =

WRITE entered atter WEITE jump

write to unaitlocated, set parameters

ydlsgk to seex
ymic_unraasgk = mic_segdsk
ymic_uratrk = mic_cextrx
smic_urasec = mic_seksec

========= Sectlor Block/Deblock Subroutines ——-—-=—=—=——==---

yread operaticn
ymust reed data
streat as unalloz
ypertaorm tae reed

ywrite operation

swrite unaellocated?
scheck ftcr urallioc

.-
1 - N VRN

snext unallor rans

R ) PR SSRL R I

sector

jpoint "UNAT

yat UNACNT

yary uvrallec remain?
jsgip 1f not

. . e
R - .
Al al et et aa L)

4

ymic_unacnt
y= mic_uracne-1

- -
o Yy

rsame disx?

RS 1Y B W

ymic_sexdsz
y= mic_uradsk?
ysxip it rot Q

y)

3skip if not q
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Cana 4

-e

e T Py Eey——— _

tracgs are tnhe same
mov al,mic_seksec

mov BX,oftset mic_unasec

cmp al,mic_una

Jnz mic_alloce

1same sectcr?

point ura
a

)
1at mic_unasec

ymic_sexsec
s= Imvilic _uwnasee?
1SKip it not

match, move to nhext sector fer future raf

inc mic_una

mov al,mic_urna
cmp al,mic_cpmspt
Jo mic_rnoovr

overtlow to next ilracyg
mov mic_una,d
inc mic_unatrk

mis_noovt:
smatcn found, mark as unnecessary read

mov mic_rsflag,@
Jmps mis_rwoper

mic_alloc:
yoot an unailocated record, rsquires pre-reaa

mov mic_unacnt,?
mov mic_rsflag,l

Common code tror READLD ana JZITE

mic_rworper:

jentar zeore to perform tae
mov mic_ertlae.,¢
Me% aly mle_Sekse=e
mov 21, mic_sacsht
sar al,cl
mev mic_sexast,al

ractive host sertor?
mov ai,l1
Xcng al.,mic_fistact
test al,al
Jz mic_tilnst

E. yhost bdbutter active, same
o 156

b

2 J

[N P e e e o = e s e i Phe PR A LAY

ymic _urnasec

1= mic_unasec~l
send ¢t track?

s count CP?/M sectors
15Kip it celcw

ymic_unasec = ¢
ymic_urpatrk
7= mic_unatirg+l

CueiE g L A R [
ypertorm write

imic_unacnt = ¢
ymic_rsflag =1
1dTop throuan

710 Iwoper
tfollows
read/write

jno errors flyet)
ycompute nost sector

yNoSt sect to seex

yalways bdbecomes 1
iwas it alreaay?
1titl nost if rot

as s2ex butrter?

W D SR

2”2 h all - A ENSEm B . o

PN - TR NP ONrre

SandBR A" 0" o 8 &2

Aot ol ad
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mov al,mic_sekdsk
2®p alymiz nstisk

mie_sekdsi
= mic_pnstasx? =
Jnz mic_nomatca M

fos

ysame disk, same track?
mov ax,mic_nstirg
cmp ax,mic_sektirk yhost trick same
yds Seex trackg
Jnz mic_nomatcn

08 - SEREANR

ysame disk, same2 tracg, same oufter?
mov al,mic_sekhst

cmp al,mic_hstsec ymic_sexnst
E‘ 1= mic_hstser?
Jz mic_match ysxip it matcn

mic_nomatch:
yproper disk, but not correct se€ctor

s
. mov al, mic_nstwrt . .

k- test al,al ;7 dirty curter ?

, jz milelif) imsit jno, aon’t write

F‘ call mic_writenst ;yes, clear !
: yhost dutt -1
\".- .

= ’
- mic_¢filast:

ymay have to titl the host putter :
mov mic_Lstdsk,al 3

mov al,mic_sekdsk ! '
mov ax,mic_sektrg ! mov mic_hsttiri,ax )
mov al,mic_sekhst ! mov mic_hstsers,al 1

mov al,mic_rstflag
test al,al yreed to read?
Jiz° A U I'PERd
’
call mic_readnst yyes, it 1

’
mic,_fifasuls
mov mic_hstwrt,9 ynC penaing wryg

PN -3 TR R

mis_match: " "
ycopy data to or from pduftfer depending on mic_readop
mov al,mic_saksec ymask burtfer numter

and ax,mic_secmsk

- h‘ AT o )

mev ¢l, 7 ' szl ax,cl ssnitrt lett 7
; s (* 129 = 2%=%7)
q ; 3
H ax nas relative nost bdufter oftset E
R A
add ax,oftset mic_nstout y@X nas tutrf aadr ]
1 mov si,ax yput in si reg ;
b mov di,dma_adr yusar putfier {s g
4 B jaest 1f reatop P

187
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push DS ! pusa ES isave seg regs

mov ES,dma_seg set destsee
t

’

y1O0 tne users seg
$1SI/DPI aad BS/HS
11s swappea

yif write cp

mov cXx,12¢/2 jlenztn ot nmove :
mov al,mic_readop :
tast al,al swnich way? i
Jog mic_rwmove yskip 1f read
’
' write operation, mark and switch directicex
mov mic_hstwrt,l ymic_astwrt =1
s{2irty ouvttrer now,
xcng si,di ysource/2est sSwap ;
mov ax,DS 0
mov ES,ax -
mov DS,ama_seg jcetup DS,&S P
’ b
mic_rwmove: 3
cla ! rep movs AX,AY smove 15 bpit words "
pop ES ! pop DS yrestcre seg regs 3
4 b
; data nas teen movea to/from nost bcutter ]
cnp mic_wrtype,mic_wrdir ywrite directory? 1
mov al,mi-_ertlase iin case ot errors ]
Jnz mic_return_rw yno processinf !
’ 3
’ ~lear host burfer tor 4irectory write
test al,al jerrors? 3
Jnz mic_return_rw 154L1p 1t so K
mov mic_hstwrt,¢ jburter written 3

cali mic_writenst
mov al,mic_erflaz
mic_return_rw:

ret 4
§ T ARIE HAR XENLAS 4B IXAS HE N XE I0XX 1R AW AL KCATAO AL ATIIR IR0 AN M NS MW ALIC IO IR IR ATACNC RN I N MAIRM R IR0 J
’ AICREOPOLIS HARD DISK SUBROUTINES a
;**nav***:*¥¥s#*¥*u***v*****#*«**¥¥$*vums$*=$uu*$#**m***mv*
{
1
mic_readnst: 1
mov mic_dir,? ’inaicate reaz or write 2
Y -— - - - ————— - —— —— ————— - - ————_—— - b
’ <
ENDIF ynot loader_bios
IF master and not loader_bdios
e e . e G e e T bd

aE -
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cli jclear int to be sure
call =et_common yget resource

; - —— - e — —— - — - - [ - D S o . . - - -
ENDIF jmaster and not

yloader_bnios

IF not master aad not loader_bios

M e R e e
£3ll request ygel resource
; ----------------- - ——— - - - - - - —— — — ———— —  — — - - -
ENDIF jnot master ana 10t
y Loacer
IF not loader_tios
; -------- - - —— - — — - — —— — - ———— —— - — - - - -
mov dbl,mic_rd_cmd 52T up read -md
ex il mic st ysetl up parameters
231} mie_trags stransmit them
call mic_traas_vturtf yget the butter
call release yrelease resourc?2
mov al,mic_result
mov mic_ertlag,al sestatlisn error
; - ————— — - — - - — — — - - . — — — — - - — - - - - - -
ENDIF inot loader_bios
I¥ master and not loader_bios
; __________________ —— - ——— — —— - —— - - — - —— - - -
sti yrestere int
ENDIF ymaster and not
y loacer
EF mey baader_tios
;_— ---------------------------------------
ret
; - - - - - — - —— S - ——— - — - ——— — —  —— - ——— —— - ——— = - -—-—
ric_writenst:
mov mic_dir,1 syindicete Td/wrt
mov al,mic_ast_dsk sck for valid wrt
2mp al,user
JaZ Mie _wri 8FF sinalcate ettar

458
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|
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t - (e ———— - = s s = s i = —
b ENDIF jnot loader_tiocs

E{'

IF master and not liocader_vics

; —————— —— — — S S T — — - — ———— - = - = -~
cli sclear tec pe surs2 ;
231l eet_common yget rascurce |
; ------------ —— - —— - —— ————— - - — o ——— — — —— — —————— ——— ——
ENDIF smaster and not

:
4
[
yloazer 5
|

IF not master aand not loader_»blns

; - e S G G . G S S — G S S S S S
call request y2et resource

; - —— ———— — — — —-— - ——— - — — - ——— . —  —— —— —— — — - —— — — —— — — - ——
ENTIF ynot master and not

ylcacer

,w.v,,r_.,_w..,
R
B {ERRR00RA — i

L “% .

21 up Wwrite cm1i
@t up parameters
ransmit oburter
ansmit parameters
elease resourn~:

mov dblymic_wr_cmi ’
call mic_set ;
gall miec_trans bury ;
call mic_trans
gall relelalSe

mov al,mic_réesult
mov mic_ertlag,al
J¥p lle_wrt_res

-e
-e 4
Ly Mg B VAR

mie_wrt_sTr:
mov bx,ottsat mic_wrt_msg
caill pmsg 72T TOTr message
mov mic_erflag,Zftn yindicate tne error .
@ miz_wrt_ret: i
: e e e oo :
| ENDIF ya0t loader_bdios ]
1 1
| 1
* 4
F. IF master ana not loader_bdios 4
[ S —— P LN S N S — L
: ’ !
| sti jrastere inv 3
: e e - - e e e e e S S e e e e S e 4
3 ENDITF imaster and not 1
{ 7 Loacer ;
e - i
: ]
: 16¢ ]
1
4
a :
i 1
e XY ]
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IF¥F not loader_bios

B e R L e e i e

-e

R B o et

pusa es
push ax

pusa cx

pusa bx

mov axX,cmamsee
mov es,ax

mov mic_cmd_byte,bdl

mov bl,mic_hst_ask
sut 01,7

mov cl,4

sal bl,cl

mov mic_parml,bl
mov cXx,mic_anst_trk
mov mic_parm2,cl
mov mic_parmZ,cn
mov cl,mlic_ast_sec
mov mic_parm¢,-l
nev mic pdrms ;1
mov mic_parm6,?
mov mic_eo_byte,
pop bx

pop cx

Pop ax

pop es

ymake ~ormen addar

ytyve ¢¥ commana
7ad) ror nead nunm

yunit apzs aead seot

1Tk now set

1Sentor sot

syonly one to process

ynot used
1SRT 20 tyte
irestere regs

mic

S SRS S P, S, SOt T3

_trans:

pusa es

push ar

Mov ax,cmemsesg
mov es,ax

mov mic_stat_byte,?

IF master and not loader_bdins

ysave regs
ymage commorn addr

yinzicata ready

int 7¢

e - G S P DRSSO SORE ST Wy W ™
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1force interrupt
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ENDIF yraster anc not
yloacder

; - - — > w— — - — - - - - - — - — ——— —— ———— ——— -

| IF not loader_vtioes
:

k: mic_trans_1:

Fi mov al,mic_stat_byte s
. cmp al,® Hel
& Jz mic_trans_1

b ¢cnp al,¢an jsuccess
- Jz mic_success wrise

mov mic_result,@ffn y nddicaite  taldure
»-‘ Jmp mic_fail write

A mic_success_write:

[ mov mic_result,Z¢n

1 mie fall wrige:

Iy pop ax

pop es

BEIT

.

-

mic_trans_ouff:
push es isave regs
push ds
mov ax,cs
mOV 25,3X
nmov di,offset mic_nstbut
mov ax,cmemseg
mov ds,ax
mov si,51¢@n
mov ¢Xx,25€
~mp mic_1ir,#¢
jz mic_traans_tutf_1 ]
xcng si,di
mev ax,d4s 3
mov €s,ax ‘
mov ax,cs 3
mev ds,ax ]

mic_trans_ouft_1: 3
cld
rep movs ix,ax
pop ds
pep es
reg

PPN

sabotaslon &

ENDIF ynot leader_bvios

BB o]
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sroutines are orniv ussd
IF MASTER and not loader_bios }y by interrupt nandler
ubroutine: mic_status
ntry Condictions: non
xit Conditions: @l contains status 2% disk

S
E
E
Registers alterec: al
S
D

’
’
'
'
’
ySubroutines called: none
sDescription:
H Tais subroutire reads and returns tne current
jvalue ot the Micropoiis disk controller’s status part.
’
mic_status:

mov al,mic_stat jenable status line
out mic_porte,al
mov al,mic_rsirbd_on
sut mic_portb,al
mov al,mic_strb_on ilatca tne status
out mic _porte,al
mov al,mic_stro_ott
out mic_porte,al
mov al,mic_rstrt_ott
out mic_portb,al
in ait,mic_porta
BN

sturn on read

sturn ottt read

ybring in status

Subroutine: mic_send
Entry conditions: parameta2rs are calculated arndi in
tne byte variaoles
sExit conditions: parameters and command havs t2en sent
jReegisters altered: none
ySudbroutines catled: mic_busy,mic_ordy,
mi@ _NENy smie _cad out, mic_aidite et

e we we wo

Description:

-y 0 wo

Tne command byte, six parameter tytes
sand the 2o byte touna in the data area 4are seat to

l...;....'J

stne disx controllier,

’

mic_send:

call mic_ousy

eiae vl " mikie _ agiha g
call mie¢_cmd_out
Xor bx,bx

mov di,7

calt miz_bdusy
¢all mic_ordy

mov al,mic_parmi[obox)
sall miec_data_out

163

ywalt for cntrt

ssend out ~-md
sclear bx

yset count value
ywait tor -~nirl

LRI~ 3
ML
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irc tx

dec al

Jozt mie send J
ret

s

ydone?
jget another

ubroutine: mic_cmd _out

LG Sl ounet e s ben £

l‘ ¥ r 1as o 4 0

‘e 7.:, . 5
£ 5 « A - o & ed .

2 ey LT
n

e we We wy e

yExit conditions: none

sBegisters altered: none
sSubroutines called: none
yDescription:

is sent to the disx controller.

3 ped s
l'l

F wewe we

e omdl el

pusn ax
mov al,mic_cma_byte
out mic_porta,al

mov dl,mic_cma

out mic_porte,al

mov al,mic_3ack_on

- out mic_porte,al

mov al,mic_wstre_on
out mic_portb,al

mov al,mic_wstro_otf
out mis_portb,al

mov al,mic_ack_ortf
out mic_porte,al

pop ax

TRt

=TT
.
it

e

™y
&

¥ntry conaitions: “ordy” signal nas bveen icssued oy tne
disk controller and “cmd_oyte’
ccntains tne command to te sent.

The command in the byte variable ‘cmd_cyte’

ysave ax

yt0 bi-dire~tional
;enable cma line

sactivate output
ytutfer
ypulse trhe write
ystrote

jae—activate ine
soutput htuffer

Subroutine: mic_data_out
try conditioncs: “ordy” siznal nas

=
o ]

to te séent.
Exit con2itions: none
Reesisters altered: none
Subroutines called: none
Pescription:

disk unicv.

ie_d3ti_ous:
pusnh ax
out mic_porta,al
mov al,mic_data
ovt mic_porte,al

164

f‘ 4

T R e e e e
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F

been issued ty tne

4isk controller and al -~ontains value

A byte ot 4ata is output to the Micropolis

jsave ax
s 10 bi-directionsal
y2nable data 1line
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; mov al,mic_acx_on jactivate cutput 1
b out mic_porte,al jtutrter

* mov al,mic_wstrt_on jpulse tne write 1
?1 out mic_portp,al jstrote

mov al,mic_wstro_offt
out mic_portb,al -
mov al,mic_ack_ott sde—activate
out mic_porte,al youtput tutfter
pop ax yrestore value
retg

Subroutine: mic_z2ata_in

Entry conditions: “irdy” siznal has deer issued bty the

2isk controller

. 7Exit conditions: al cortains cdata byte

ﬁl jReegisters altered: al

sySubroutines called: none

yDescription:

l"l

-
k.
k.

e we we we

’ A pyte of data is input from tne Micropolis
ydisk unit.

1 ’

@ mic_data_in:

5 mov al,mic_data jenable data lirne

k- out mic_porte,al

. ’ mov al,mic_rstrb_on jturn tne reeaz

= out mic_porton,al yOL

p.' mov al,mic_stro_on jlatch the aata

5 out mic_porte,cal

1 mov al,mic_stro_oft

- out mizc_porte,al

= mov al,mic_rstro_ott ABCIREN S £ BN il

- out mic_portb,al syread siznal
in al,mic_porta soring in dara
ret

; = N Eamcn o= =
jSubroutine: mic_busy

skatry conditions: none

;Exit conditions: disk controller nas issuea “not busy’
’ sienal

;Pegisterc aLtered: none

sSudroutines called: mic_status

yDescription:

H Tne executing program will wait nere

’

)

m

until the disk controller issues the ‘not busy’ signal. ;

pusn ax ysave ax
ris_ousgy_J¢ call mic_status jget status
test al,mic_busy_mask ybusy?
z Jz miz_cusy_1

Saainasoa—p
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1 pop &x
3 ret

Eo- jSubroutine: mic_irdy '
24 yEntry cornditions: rone ,
2 ;Exit conditions: disk corntroller has issued “irdy’
N H signal
ii jRegisters alterea: ncae

ySubroutines called: mic_status )
yLCescription: 1
’ Tre execution of the program will
jwait nere until “ir1y” is issued by the controller.
?
mic_irdy:

»
[ §S

-

push arx ysave ax
mite L&ndivw 18 call mic_status rcet status

test al,mic_irdy_masx yready?

Jz mic_irdy_1

pop ax srestore ax E

ret sreaqy ncw 3

N

vy
.
e

. , .
PELPELSCL SN T DR )

Laaiaan ]
i
'

*
T

.T}T‘- 1
] X 1,
P

ijSubroutine: mic_oray

iEatry conditiorns: none

;Exit conditions: disk controller nes issvea tné “orcy’ )
' signal o

yRegisters alterea: none b
ySudbroutines cailled: mic_status 1
;jDescription: 1
' The ex2cution ot the prozram will walit
jaere until ‘ordy” is issued by the controller.
H 4
mie_ordy: ﬂ
pusn &x jsave ax 4
mic_orday_1: call mic_status iget status
test al,mic_ordy_mask yready? j
Jz mic_ordy_2 1ROt yet ?
pcp ax
ret E

]
ySubroutine: get_comrmorn

get_common: M
- pusn es ?
b push cx
B mov ax,cmemseg jmaxe common 3
4] mov es,ax jmemory aidressahle 3
b call ticket jzet ticket number !
te - ¢mp br,server jit ticket=server :

F AR b
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- get_common_3:
- int 7¢ jexacute irnt
L. mov cx,dcount
o5 Jmp get_common_2
(o
- get_common_4:
- pop' Ex
- pPop s
g
B ret
; e - e -— — -—— -— — — e e —
ENDIF yend of routines
jused by interrupt
IF not loader_bios
; —— - —— > ——— — ————— — - — -
IESrEss = lerogoliis [FEteriace Washey F-==————"—""—
eseg
L org 118n
b;f mic_ip_72 Ewl 1
o mic_cs_7¢ rw. i
| =5 org 5€¢9n
£ mir_stat_byte rt 1 sstatus tyte
4 mic_cmd_byte Bl I ycommand code
.® mic_parml ro 1 yparameters
5 mic_parmz ro 1
F mic_parm3 ro 1
b mic_parmé rb 1
: mic_parmd ro 1
b fitc_parme s 1
'@, - miz_eo_byte rbp 1
£
: 187
»
L@

.

e S Sae ooy &

)
s
]
.
’
'
"
p;

Je get_common_4

mov cx,dcount
get_common_2:

dac

jnz

cX
gat_common_2

ycheck Micropolis status byte

cmp mic_stat_byte,édn
Je get_common_3

cmp bx,server

je get_common_4¢

mov cx,dcount

Jmp 2et_common_2

74 status boyte of ¢ needs an interrugpt

L R e e i~

"y

i then ione
ydelay hare
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! org 51¢¥n
i?g mic_buf¢ Bh B2 ;jouffer ror 1ata
’ = "Mise Vaplgples -—= e e
cseg s
Fii micrst_mse db ¢r,lt, ‘Micropolis Controlier
1 dab ’Resetging...’,w ,
micrst_err ib erylt, Micropolis Disk Reset Error
ap cr,l¢, Use ot Drives E - L will ~
abp ‘produce unpredictadlie results’
de cr,lt,lt,€
Mic_wrt_msg do cr,lf, Write Access nct
10 ‘Permitted on Tnis °
ab ‘Drive’,o

y Space tor local stack

NSRS A
¥ I. -‘l‘

int_stack Tw 120
int_base equ orrset $
sav_ptr Tw oL
siv_seg Tw 1
piis 417 Tb I sjra/wrt direction
mise _raisulit re 1 jresult ot ra/wrt
mic_sek_ask To 1 ys2ek disk nurecer
mic_sex_trk TW 1 ;j<eex TracKk aumber
mrie _SiSiE sac Td 1 1SeeK sector number
mic_nst_dsk re 1 snost disx number
mic_hst_trk Tw 1 yhost track number
MlE_Het _sécz rb L yhost se<tor numbter
mic_sex ast Th il jEe%lk saT miesecsht
miz_Rst_act RE 1 paleisit  sciitve E e
mic_nst_wrt rb 1 inost written flag
mie_wad cnt rb 1 yunalioc rec cat
mic_una_dsk b i ylast unalloc disk
mic_una_trk Tw 1 sylast urailec track
mic_una_sec Tb I ylast unallon sect
mic_ertiag sl 1 serror reporting
mic_rstlae rd 1 sTe3d sector tlae
mic_readop Tro 1 +1 i¢ rd operation
mic_wrtype Tb 1 ywrt operation type
mic_nstout rd mic_ RS hs12 shost tuffer
H - - N
ENDIF
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- PROGRAM LISTING OF CPMMAST,DEF

el LI

&i The tollowine disk detinition statements were usea with

Ak

tne GENDEF facility to generate tne disg vtarameter tables.

| disks 12
" diskdef
1

.26,0,1024,71,32,0,2
diskdef o]

125,5,1924,243,64,64,2

* e -

- 4i skdet
N diskdet
X i1 skaef
X disxdet
E‘ diskdet

diskdet
diskdet
diskdet
] diskdeft
p: diskder

f| endef

BB 0 gl B384 275,11 2856, T

v95,0,16584,485,256,0,0€

* @ @ € w e

S
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o0
: utilivy
k.
1
{ ;
2 ipbas=2
.. dpe¢
g
Y ¢pel
2 dpe2
dped
. dpe4
2
b-
E dpeb
- 1peb
N
e dpe”?
. dpes

----------

ARP

2

N

PROGRAM LISTING

oF CPMMAST.LI3

tfollowing CPMMAST.LIE tile is created by tne GENDEF

wnen the CPMMAST.DEF is used as the scurce

equ
dw
aw
dw
dw
dw
dw
dw
dw
dw
iw
1w
iw
dw
Qw
iw
dw
dw
1w
dw
dw
dw
aw
dw
dw
dw
iw
dw
2w
dw
dw
dw
dw
aw
dw
dw

DISKS 12

5
xXlt¢,¢eeen
¢ovn ,¢vgeén
dirout,dpbe
csvi,alve
rltl,0en
Leeen ,geeen
dirouf,dapdl
csvl,alvl
xlt2,vedén
21090 ,¢402n
dirout,dpbd
csva,alv2
xit3,28¢¢n
geeen ,gdeen
gairobut ,dpod
csv3,alvd
Tlt4,000¢n
geedh,goen
dirtuf,dpbs
csvé,alve
xlth,¥eden
ygeedn 2eeidn
aircur,dpes
¢csvb,alvs
x1tE,28009n
ceeen ,2ceon
dircut,opbB
csvg,alve
xlt7,¢€€en
dedn ,deddn
dirout,dpbd?
csv?,alv?
X1tH, 0601
geevnh,Beeen
dirtuf,dpt8

tile.

y2ase ot Disk FParameter Elccks

sTranslate Tacle
yScratcn Area

yDir 3Burr, Parm Zlcexk
yCheck, Alloc Vectors
yTranslate Table
yScratch Area

sDir Butt, Parm Block
yCneck, 2lloc Vectors
yTranslate Tacle
yScratcn Area

sDir Butr, Parm Block
yCheck, Alloc Vectors
yTranslate Tabple
sScratch Area

yDir Burf, Parm Elock
Ch=ck, Alloc Vectors
Translate Table
Scratch Area

Dir Burt, Parm Klocx
Check, Alloc Vectors
Translate Table
Scratch Area

Pir Butf, Farrm Elock
Check, Alloc VectorTs
Traanslate Taople
Scratch Area

Lir Butt, Parm Block
Cneck, Alloc Vectors
Translate Taple
Scratcn Area

Dir 3Burft, Parm 2lcck
Crecx, Allcce Veators
yTrancslate Tabple
yScratch Area

yDir Bute, Parm Block

We W W Wy WY Ve WP Vs W WP P W W Wy W W Wy
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Y’ b 5
o A%

,'.7' w_vrrn

NN
-

O

xlte

alsy
cssd

’
dpbl

%1 &1

dw
dw
dw
dw
dw
1w
dw

fo

~

dw
dw
dw
dw
dw

equ
aw
iv
ab
ad
iw
aw
db
4b
dw
dw
equ
db
db
dao
ano
db
abd
dd
equ
equ

eaqu
Aw
ib
db
Ol 1)
dw
'y
abd
ab
aw
dw
equ
do
a0
dab

csv8,alve
xlt3,00c¢n
20000 ,20¢2n
dirtut,dpbds
¢sv3,alvg
xltlg,gceen
2eodn ,20¢¢en
dirduf,cpold
csvic,alvlid
xltll,2vedn
geegon,900en
dirtut,dpoll
csvil,alvill
DISKLCEF ¢,1,26,¢

offset S
26

3

7

2

7e

31

128

¢

i

2

ottset S

N o208 bk
5,6,7,8
9,1¢,11,12
13,14,15,16

17,18,19,24
21 ,42,¢3,24
25,26

9

%

DISKDEF 1,1,2%,¢

ottset S
25

3

?

2

242

63

192

¢

NS

2

otftset $
3o AL )
2B SIS
23,3,9,15

1

B T R ey

yCneck, Allos Vectors
yTranslate Tavle
yScratcn Area

+Pir Butt, Parm Block
sCheck, Alloc Vectors
yTranslate Table
1Scratch Area

+Dir Butft, Parm Block
1 Check, Alloc Vactors
tTranslate Tatle
1Scratch Area

yDir But?t, Parm rlock
yCheck, Alloc Vectors
,1024,71,52,0,2

yLicsk Parametver Eilock
i1Sectors Per Track
yBlock shitt

yBlock Mask

sExtnt Mask

yDisk Size -1
sDirectory Mazx
yAlloc®

1dllonl

yCheck Size

y0ttset

+Translate Table

tAllocation Vector Size
yCneck Vector Size

2 1024,2458,064,54,2
+Diskx Parameter Eklock
ySectors FPer Track
1tlock Saife

s Block Masg

yExtnt Masg

+Disk Size -1
tDirectory Max
yAllocd

yAllocl

yCheckg Size

10ttset

+Translate Tatle

71
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alsl
essl
y

dpb2
als2
css2
x1lt2

y
1pb3

x1lt3

ab
dn
ib
db
equ
e2qu

equ
equ
equ
equ

egu
aw
db
dpb
db
dw
dw
ab
15
dw
dw
equ
b
ab
ib
ib
ab
ib
db
ab
a4b
do
ab
dh
ab
NE
do
i0
ap

do

o]
1%

10
ab
1b
ab
dd
do
ib

db

(230 720 t= 0abés
20,25,6,12
15,24 ,4,10
1€,22

31

16

DISKLEF 2,1
dpel

alsl

cssl

xltl

yAllccation Vector Size
;yCheckg Vector Size

yEquivatent Parameters

ySame Allocatior Vector Size

ySame Cnecgsum Yector Size
ySame Translate Taonle

DISKDEF 3,1,156,¢,16¥84,27¢€,125,04,1

cftset S
155

?

127

f?

274

127

128

9

¢

1

ottset S
1'2'3'4
5,8,7,8
9,14,11,12
S 5 I 5l S
17,18,19,2¢
21,22,23,24
29,26,27,28
29,34,31,32
23,54 ,35,86
37.38.39.4E
41,42 ,43,44
45,46 ,47,48
&3 ,5¢ ,51,52
EH B LB
57,58,549,69
61,62,63,54
5,56 ,57,68
69,728,71,72
73,74,795,76
??,72,79,80
21,82,85,84
55,86 ,87,58
83,90,91,82
893,94 ,95,96
g7 ,498,99,1¢¢

1Disgx Parameter Zlcck
ySectors Per Track
yBlocK Snift
yBlock Mask

ydxtnt Masxk

yDisk Size - 1
yDirectory Max
yAllock

sAllocl

yCherg Size
30ttset

sTranslate Tavple

1¢1,1€2,1¢3,1¢4
15,1¢6,127,1¢8
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31s3
cssd

’
ipta
als4
"S54
xit4

?

dpbbd
afsh
SSiSIH
xltS
?

1po6
alsb
£5SH
xilt6

1
1pb?

xlt?

i
db
a0
dab
ab
ab
1b
dd
b
db
ab
adb
equ
equ

egu
equ
equ
equ

equ
eau
equ
equ

equ
eju
egu
equ

2qu
dw
id
db
db
dw
dw
it
db
iw
dw
equ
10
ab
at
1
a0

db
ab

by

1¢9,11¢,111,112
115,114,115,116
117,118,119,12¢@
121,122,123,124
125,126,127,128
129,132,131,132
133,134,155,136
137,138,139,140
141,142,143,144
145,146,147,14¢
149,156,151,152
153,154,155,156
3h

2

DISXDEF <¢,3&

ipb3

als3

cssY

xit3d

DIS{DEF 5,3

1pb3

als3

£s5s3

xlt3

DISKDEF 65,3

iapb3

als3

csSSs$

xlt3

DISKDEF 7,8,395,9
ottset $

98

7

127

7

434

255

128

£
k‘!

2

oftset 5
2585 0r2I0E;
4,5,5,7
2,9,14,11
12,13,14,15
18517 18,13
28 421 22 523
24,25,26,27
255 29,3031
32,235,354 ,35

.......

t14llocation Vector Size
;Cnecxt Vector Size

quivalent Farameters

ame Allocation Vector Size
ame Cnecksum Vector Size
ame Transiate Tabnle

' Equivalent Parameters

ySame Allocation Vectcr Size
ySam= Ch=2zksum Vector Size
ySame Tranclate Tebdle

y kquivalert Parameters
1Same Allocation vVector Size
ySame Checksum Vector Size
ySame Translate Table

y 16384 ,435,256,¢,¢

yDisk Parameter Elo<ck
rSectors Per Track

' Block Snift

tBlock Mask

; Sxtnt Masx

+Disx Size - 1

yDirertory Max

yAllocyd

yTranslate Table

L7
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4
av 55,387,38,89 3
{ db 4,41 ,42,43 :
ib 44 ,45,46,47
ﬁﬂ dt ar ,e9,5¢2,51
ib B0y S,U_,SS
ab 53,57,58,59
ib €¢,61,62,63
{f ab 54,55,56,67
E 4b 69,69,70,71
av 72,73,74,75
ab 76,77 ,78,79
abd £¢,81,82,85%
f '1b 84983986 087
f“ b 83,89,9¢,91
4% 92,33,94,95
als? egu 55 sAllocation Vector Size
css? equ 2 sCneck Vector Size
H DISKDEF &,7
dpb& equ apb? y Mauivalent Parameters
als8 equ als? ;Same Allocatiosn Vectir Size
~ssg aqu n557 ySame Checksumr Vector Size
xlt8 equ xlt? ySame Transiate Table
' DISKDEF 39,7
apb9 egu dpbh?7 yEquivalent Pararsters
ais9 2qu als? ySame Allocation Vectr Size
cssY 23U css? ;ySame Checksum Vector Size
x1t9 2qu 5l sSame Translate Tabhle
' DISZDEF 1¢,7
4pbl? 2qu 2po”? y Tuuivalent Parameters
ai1sl1¢ equ als? ;Same Allocation Vector Size
2s5s19 2qu SR ;Same Che~gsum Vantor Size
xitl?d egqu xlt? ySame Translilate Taoble
’ DISKDEF 11,7
1pb11 equ 1pb”? yXquivalent Parameters
alsll eaqu als? ySame Allocétion Vectr Size
cssll 29u css? ySame Cnecisumr Vector Size
b PUighlal eaqu xit? ySeéme Translate Table
’ ENDEF ]
H 3
; Uninitialized Scratch Memory Follows: ﬂ
[ a
negdat 2qu offset S ;Start of Scratca Area 4
dirbut rs 128 ;Dirpﬂtory Zutter ]
alveé TS alsd yAlloc Vector 1
csve £ css@ ;Cnecz Vector >
alvl TS alsl yAlloc Vector %
csvl re cssl sChecg Vector
alvz TS alse yAlloc Vecter
~sv2 rs €SS2 yChecxg Vector
Alv3 TS als2 yAlloc Vector
2 csv3 Ts cssd ;Crhecx Vector d
174 !
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alvs TS als4 sAlloc Yector

csvé rs css4 yCneck Vector

alvd rs alsd tAlloc Vector

csvH TS £ssH ;Check Vector

alveé rs alss yAllcc Vector

2sv6 TS €95sH ;Check Vector

alv? rs als? sAlloc Vector

csv? rs css? yCneck Vector

alve TS als® yAlloc Vector

csv8 rs css8 ;yCnheck Vector

alvy rs als9 yAlloc Vector

csv9 rs cssY ;Check Vector

alvle TS alsle syAlloc Vector

rsvl@d rs csslo ;Crneck Vector

alvil rs alsll yAlloc Vector

csvil rs cssll ;cneck Vectoer

enddat equ oftset $ ;End ot Scrat~h Ares
datsiz egu o¥fset S—-begdat ySize of Scratch Area

ol 14 yMarks End of Module
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APPINDIX E

PROGRAM LISTING OF RIFLOF.ASE

RXFLOP.a%6 (REMEX FLOPPY DI
ACCESS CCD

g
ix)
o
Uy
=
o7}
3
(14

s«
JOR)

¢ 5 Apriit 1983

Moditiead by: Mark L. Perry
s¥or ¢ Tnesis (AEGIS “ocaeling Group)
yAdvisor : Protfessor Cotton
yPurpose ¢ This code is an include trile w/in CPMBIOS.AEG.
’ It contains tne code necessary to &ccess tne
’ Remex floppy ais& drives and gererate a
’ loader tor taem.
’ Thnis cornfiguration is set for CPF/M logical
; drives 1 (4: S B:) and 2 (C:). To aiter
’ change code ir READ ana WEITE routines.

58 30 X8 XX 5 R SEAT XS TAT 38 5K 36 T0 AF RE XS AT AL KEHR 3 38 RE A3 HEAK AC 38 A I8 A XX &6 30 X 28 58K 78 XN X6 R RERK 33 R R AR

’
’ Equates
;$¥**$¥*¥¥*$¥##$*“***********Kv*****“*##**¥¥¥¥$$¥$$¥¥*#“$*$
y=== Disk Controiler command pytes and masxes (REMEX) e
dk_rdy_mask eyu €84
dk_rd_cmdl equ 1¢11E yread commaad
dk_rd_cmd2 equ 1¢12H
dk_wr_cmdl 2qu 1¢21H swrite command
dg_wr_cmd2 equ 122K
tries equ 19
drive2 equ 2 yCPM loeizal 1sk # tor
ydrive 2
y————===== REMEX Intertace Controller Ports ———————c—c----
cmd_reg equ 79%H ycirler’s tase in CP/M=-86
status_ree equ 71H
p_344F_Lo equ 7ZE
p_addr_ni equ 73K

;***#****4******#***4*******#**#***************************
’ CPm LEVICE SPECIFIC CODE

[ . 4

’ entered from the main CPMBIOS s jump vactors

§ R RAZ X IFRA TARFR IR I KRR RHCH T IFHC R R K FORRC R AT A X A ROHR R R AR ILXCK R AR R

176
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cseg S

‘---------.—--- - e - ——— D D D D D D G G — - S — — - D D G D — G — = —
’

rxflop_init:

ret 100 special action required

[ fimS==== = E =S SaEs s e s s
L rPxfiep Romes:
r

ret yn0 sSpecial action reqtuirea

—— — —— — — — ——— ——— — —— —— — — - -— - — — - - —— — — —— — ——— — — ——— —— — > ——

3 rxflop_saeldsk:

oA WEE +10 <pecial action required

’
rxflop_settirg:

ret 100 special action required

.
-

rrtiop_setsec:

RERt: tnc special action reyuire«

A AR A% A0 A8 A0 o
e e el A S i
{

vy Y
@
-e

rxtrlop_read:
nov rwdir,?

® - IF loader_vtios

- NPT

r‘f
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[ e e S bt e e o - —————
[
. € |
tT' ;
,
jﬂ nov bx,dx_rd_cmdl ytforce a read on drive 1
$ ;
','-‘ . ; - - - ———— s S — —— ——— —— - ———— — —— — — — — —— —— — — — - - —
32 ENDIF ; Loader_bios
E: i
~ IF not loader_blos [
’ il - == - e e [
’
call request y request tickxet numter
cmp unitv,arivez yCP/M logicali 2disk Ne. for
jz rdl jRemex tloppy 2rive 2 (C:) -
nov bx,d4_ra_cmdl jset up to rd drive 1 (B:) 1
Jmps rde 5
el )
mnov bx,aZ_ra_cmd2 j<et up to ra Zrive 2 3
rd2: .
;
; -———-— - - - — . —— — — — — ——— — — —— — — A —  — — . —— - — — —— -
ENDIF ynot loaaer_bics
o S build_packet
call seénd_packet ypertorm tnhe read
call xtr_suffer yxtr CPM butrfer inte memory
IE not loader_bios
; -------- - - - -—— —— — — —— —— — — — — —— — ——— = — -——
’
call release 1free resource
’
; -——— ——— - —— - - - —— —— — — — - — — —— — —— —— —— — - — - —
ENDIF ynot loader_tios
Tov 3k wBEswlE yreturn success/tailure code
ret

rxflop_write:
E IF not loader_btios X
i e e e = e T e e e = ]
- ;
@ mov rwdir,1 ‘
1 calt request srequest ticxket number 3
; cTnp urit,arive?2 7;CP/M legical d4isx No. ftor 7
. Ji2 Vel jlemex rloppy drive 2 (C:)
mov be,dE_uT_omdl ;setup write to drive 1 (B:) b
Jmps wrte
t. wrtls p
| mov Bx ,4%_wr_cmd2 ?Set up to wrlte crive 2 k
178 f
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1
l
z
wrte: ;
call build_packet
call xtr_butfer :
call send_racket :
call release y¥ree resource i
mov al,resuit jreturn success/tailure code
y
; ----------------------------------------------------------
ENDIF ynot loader_bios i
ret i
]
§ 3 R T8 AT KOAE K IZIT B0 NI T 30 HOAF AR R ITES KR IR IR 30 IATN K AN ACREAEROR HORE SR AT RORE K3 30 AR AT IR I3 !
’ REMEY FLOPPY DISK SURBROUTINES
;***m***m*******$$$*4344$*m¥$$$n4¥*v*#4#*#4##**#***####*4*** :
build_packet:
pusn es jsave es register p
mov ax,cmemsee »S2T up 2s to address commo: ’
nov es,ax ymemory i
mov p_modifiers,bx jenter read ccde in packat ]
mov p_status,¢ yclear packet status word X
mov ax ,LeevH yclear register j
mov al,track ygetl track = [
mov p_track_no,ax yenter track & in packet 3
mov ax ,2eveE jset nead ro. to ¢ ‘
3dd 3l,s=2ctor ySa&at sector no.
nov p_neaa_sect,ax ;put ne&d S sec # 1in packet
mov p_mem_addr,2l¥40njaadress of CFV pufter 4
nov p_mst,ldécen yCP¥ odutter msb
mev p_wora_ccunt,6& j# cf 16 bit words 1
pop es :
rat l

send_packet:

Addadad g as . o

push es

nov ax,cmemsegz

mov es,ax ;

nov dk_cnt,triss ;1oad ~count tor retries ]
sendl:

in al,status_reg .

spd al, dk_rdy_mask jcheck intertface ready

cTp al,¢8H tls 1t ready?

tne sendl yif Dot TEEGy TEpeat |

mov al,1ch !
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o N P Oy

1load extended aacress
ypacget oftset
stranster low tyte out

ytraanaster ni byte ocut

yload status word
scneck for success

scheck tor failure

ysave errcr coie
yclear status word

sy reduce retiry cCcurt
it <> ¢ try again
yreturn ¥ailure coce

sTOTUTD Success coge

& .
'
| IS
t.
L9
gs-.
&
B
ko out cma_reg,al
] nov ax,deeen
d out p_adar_10,21
| a nov al,an
wn out p_addr_ni,al
- check_result:
, mov ax,p_status
k. cnp ax ,20e1x
h Je success_read
cmp ax ,2ueoR
1 Joe retry
: Jmps check_result
- retry:
b mov dg_err_cod2,al
[ ] mov p_status,?
' dec dk_cnt
jnz sendl
mov result,2FFE
Jmps 1k_execute_ret
[ sucress_read:
nov resulit,f€H
dk_exacute_ret:
pop es
ret

’
xfr_tutter:

push
movV
nov
mov
nov
nov
TOV
TP
Jz
xong
mov
nov
mov

e
|3

'
»

2

8

P

'.

cld
rep
pop
ret

2 - o i A 53 s i |
; e

v v e v

14

es ! push 4s
es,dma_see
di,dma_adr
ax,cmemseg
is,ax
s1,21¢%n
cx,54
rwdiroz
22384¢

si,di
3X,15
es,ax
ds,ima_seg

movs ax,ax
ds ! pop es

1set up tor write operaticn

smove a&s 1E-bit words

3 ORGSO NI KX RS 5 SETR IR 30 KA K NOAE I K KO K I ATRE 3R I8 3T A AT KO IA RS A LRI A KRN 34 50 3 320 AAR R AT

Pata Seement Area

LRIV SN0 i rwll . St WG Y

’
§ 7 F3 RO XS XOHE X NOHE I X0 FHE X A RTCHE IR KR LR A0 AR 3 AR MOCIONOENRIERR R R FRR R ERR

i8¢

PP L RO -

AR A s A 8 LB LA BIES & .

e R Koy

CEanlal s g

|
1
i
1
1
|
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= ]
‘. 4
- :
2 ; — = Remex: TntgFface Packet-——=mssccee—cc—cacs
- 4
Fn eseg !
= org ¥»¢Z4n jotftset of packet K
n p_moditiers rw 1 jtunction & losical uznit i
- pD_status ™ 1 sreturned status 4

p_track_no rw 1 yselected track numoer -
p_head_sect rv 1 sselected nead/sector rnumoper P

_ p_mem_addr rw 1 stufter adaress Jd
& p_msbd rv 1 jextenied bits or putrrer address 1
3 p_word_count rw 1 1size ot data tiocKk
3 4
- 4
{ ; R ~—==Misn Variables- s man
E
. cseg $
g
- dx_err_code ab  ¢eH jreturned Remex errcr coie
. dk_cnt dt el
br
L‘\' o

result o =l
rwdir TE. 1 3¢ = read 5 1 = write

e
=
%
o >.
=
2
b
b
.-
¢
3
s
1 4
»
& Y
3 1
i :
9 v
k.
b
9
4 )
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PRENDIX I

PROGRAM LISTING OF LLRMAST.CKG

yProg Name :LDRMAST.CEG

sDate

t5 ApriiL 13823

ydritien by sMark L. Perry
iFor :Tnesis (AKGIS Modeling Group!
syAdvisor tProtessor Cotton
yPurpose :This ~ode is an include tile withirn
’ LDCPM.AB6. It contains tne device
’ tables for access to initializaeticn,
’ read, and write routines and was
’ developed to accompadny tane bool rom
9’
; - - -~ - -
5 DEFINE nunits
nunits ab 1 yonly a2 sinele arive tor the loader
’
; - —_— - — _—— b
; INITIALIZATION TABLE
intbl dw offset rxtlop_init sinitialize Femex
dw ¢
H
e ———————— ——— = - — -
’ ACDITICNAL QOFFSETS
’
rdtol dw oftset rxrlop_read
wribl dw ofrset rxtrlop_write
nmtbl cdw oftset rxtlop_home
45£tEl dw offset riflop_seldsik
trztol dw oftset rxtrlop_settirk
sectdl dw offset rxrlop_setsec
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PROGRA™M LISTING OF LLDRMAST.DKF

Tnis is the disk adaetinition statement used 1?or the

loader routine. Tne <svystem is confieures in the loaiing

phase a5 a single disk system to minimize the space

- requirements.

a

g disgs 1

- d4isxdet 2,1,25,5,1024,243,64,64,2

E- endet

"

o |
k:
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P ADPENDIX K !
- PROGRAM LISTING OF LIRMAST.LIE i
o\ :
. ; DISKS 1 i
§ dpbase equ $ yBase ot Disk Paremeter Elocks {
- daped w xlt2,2¢2¢n syTranslate Tatle i
d dw geeen cecen sScratch Area s
- dw airout,dpod ;Dir butt, Parm klozk
aw csvil,alve yCnecik, Alloc VYectors J
?. H PISKDEF ¢,1,26,6,1€24,243,64,654,2 |
E-- dpnd egqu offcet S ;Disk Parameter Elncu ‘
- dw 26 ;1Sectcrs Per Track '
-+ ab 3 ;Elocg Snirt
= dv 4 yBlock Masxk
- db e yExtnt Mask 3
& dw 242 jDisk Size - 1 [
A dw £ ;Cirectory Max
a ab 192 sAlloct
- -, db ¢ yAllocl
. dw 16 jChec«g Size
J AW 2 30ftset
= xite equ offset $ sTransiate Tabdle
k- db Ny Wgldy BE
~:. 10 25.5'11.17
. db 28,3+9,15
{ dp 21,2,38,14
ab 2¢,26,5,12
ab 12,2¢4,4,1¢
db NG 2]
3ls® equ Sl sAllccation Vector Size
csst equ 16 yCnecx Vector Size
H ENDEF
’
’ Uninitialized Scratch Memory Follows: !
] b
bezdat equ oftset $ sStart of Scratch Area ]
41irbutr TS 128 yDirestory Zutrer i
alvey TS alse¢ vAlloc Vector -
csvd rs cssg yCneck Vector b
enddat equ orrset $ ;End ot Scratct Area 1
datsiz edqu offset $-vegdat ;Size of Scratca Area R
ibd ] yMargs Y¥na ot Molule 1
3
184
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PROGRAM LISTING OF RMXROM.A86

§ AT ARSI RORE RO FE N5 I K0 RS R RR R A KRR R R R RO HK

3= *
7% This Customized ROM loader for CPF/M-E6 nas ¥
;¥ the following hardware configuration: *
7= Processor: iSEC &6/1Za *®
¥ Lisk Controller: Remex Data Warenouse ®
y* or the iSEC 2¢1,2¢%2 =
HR Memory modiel: 8¢8Y gt
y ¥ ®

Programmer: M.L. Perry

*

£
% 70 30 XX 5% REHE 20 RORT K R AS XERK XK IRIX 556 3% K R X AWAK R HEA X X HIK 3% R IR 58 3K 0K AKX AL ROIR K XK RL W IRAC AR ALK A3

SABR AR AR HE ROIX AL IR IR K IR MR WA IR R IR AR IR AT AR AT RS IR ALK SR RS AT IR AL SIS AR IR 58
Tnis is tae RBOOT ROM wnich 1is resiaent &
in tne 957 moaitor. To execute tne bdHoot

the monitor must be broueht on-line and *
taen control passed by gtfdée:d or ty &
2ttd44:00¢4" . The first monitor command =
will toot to an iSEC 202 disk ana tae ®
second command will boot tc the Remex. #
First, tne ROM moves & copy of its data *
to RAM at location 20¢¢YHEH, taen it ®
initializes the seement registers ana tha#
stacx peinter., Tne 18259 peripneral 1nt- *
rupt controller is setup for interrupts *
at 1¢H to 17K {(vectors at (Z2U4QB—¢¢¢zFE) =
and eare-trigeered auto-£EO0I fend of in- =

terrupt) mede witn 3all interrupt levels
masged-otf. Next, the appropriate devicex

fo3 3t o3t O3 3 A 3 3 O3 R

WS W W we WS We WO WMe VNI Wi we e W WO WMy Wy W W W WS Mg WE WS We WE we Pe Wews

controller is 1initializea, and tracyg ¢ ¥

sector 1 is read to determine the taregety *

paragrapa address for LOADER. Finally, #* -
# the LOADER on track ¢ sectors 2-2€ and . A
¥ track 1 sectors 1=-25 is read into tne &3 -3
® tareet address. Control then transtars = i
* to tne LOADER program tor execution. ROM =¥ b .
* @ contaians the =2ven memory locations, anag# E
* ROM 1 contains tne oad adaresses. LOOT = ]
¥ RC™ uses RAM between QQQYH and EKZFFH &8 3
* (apsolute) tor a scratch area. = ]
3 RTAR IR RC XK A RE XL FXRE AR X R A XX RO 6 3K X% R XA 3K R K 3 X X XK XK R A XE XK X R R RWIT K -
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: .‘.—.‘ DR .f
.
& o

-~~~ Tisz Controlier command bytes and masks (1SEC 2¢2) ---
\
t

e N R B e i %4 i i e T ——
&
[- . § FRECHERORCRT I AR 33 AR A AR R I LRI N ZQUATES 3008 3338 58 5OXE K 33 K& ML 53 KSR BT A0 AT HTIE AR AR I8 AR 38
5 i =
- ?
prmmemsm—e—ras=ss——m= Ml see L laneous equaites R B
T |
71 P
cr equ €4k sAscii carriage return
s disk_type equ ¥1H ytype tor 1iSEC 2¢2 disx
3 Jo equ €aH 1ascil line teed
3 remex_type equ ¢2F jtype for HEMEX tloppy
= romseg equ ¥Uffa4a j;pase adaress
L- sector_size equ 128 7CP/M secticer size
4 g TaPT_ Gril equ 2cSa
3 Y '
- §m——- —————— ——————————— ————— e e ———————————————
?! e ~=-——~——~ [8251 USART console ports EESSaE S s =t o
o o 1
d ] ]
- CONP _data equ ¢d8E ;I82%1 data pert
;- CONF_status equ ¥daH ;I#251 status port
o | 1
11 H
;--—---——-—- --------- - e - - . D T G D T S D G D T S = - -

{
1

DE_cnkint_mask equ ¥U¥4H jmask to caheck tor DK interupt
DE LEome __cimd 2qu ¢¢3 jmove to home positior <command
DX_read_cmd equ 4¢4d jread command ‘
[
"1 i
; ----------------------------------------------------------
"- L) L)
@ D i INTEL iSBC 222 Disk Comtroller Forts ot ey
g A
d 71 1
1 DXP_vbase aqu E7&H jctrier’s tase in CP/M-86
s DEP_result_type egu DKP_base+l j;operation result type
4 DXP_result_byte squ DXP_base+d joperatiorn result byte
3 DKP_reset equ DKP_base~+7 jdisk reset
rqQ DEP_status equ DKP_base jdlsz status
DKP_iopb_low equ DEKP_base+l j;low adar byte ot iopb
t DKP iopo_nign equ DKP_pase+2 joign accdr byte ot iopbd '
T | = — ==
b L] !
; - e o e o ————— = - e - - > ———— e > e o - —— - - -
Ll s REMEX floppy disx darive eguates——=——-—--=r—r—=——-
I i !
v:.‘
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| e A AT S T b i i v AT aon N N L T T P T T T e e e 5 = 5 _-1
i -~ i T ois - gy e < i : " e .

U.
S
-
hw
& na emd 1 equ 1211n yread for darive 1
L dk_rdy_mask equ ¢£h yready mask tor corntrol
{1 cntri_err_mask equ ¢4n sjcontroller error
E d_err_mask eyl ¢8n ydisx error
; crc_err_mask egu 1l¢n yCcrc error
[ cmenseg syu ¥e¥2n ycommen memory
tries aqu 1¢ yapumober ot retries '

o !

’ | i
Ei ;T ------------- REMEX Controller Forts e i g
Bt ;| i
E - cmd_resg equ 7¢a jcontroller bpase
1 status_reg 2qu 71ln ystatus register
: p_adar_lo equ 728 ylower aadress
5 p_ddd'r ni equ 73n rupper address
d i !
. R o e e B S e e e e e e e o e e T e o e e e
- j=---— INTEL 18259 Programmable Interrupt Controller —-==--=
- ? {
€ PIC_59p1 equ ¢cen ;8259a port ¢

P%C_59p2 equ 2C2n y£259a port 1 '

;I |
1 ; - —— e - — — - - S S - — - e - S S G e S T S e e S S A - -

rxmxxexRnagxx® ENTRY POINT AND MAIN CODE R¥WRXRMBRWRFPXFRE

-Seg Tromseg
Enter nere with effa4:@ command for 1iSEC 2¢2 bpootl

et bootl type 10 1isx

mov DL,aisk_type )
180 start coue

Japs Start_boet

A d . B B e
AT . 3
e e b d
e s
e we we

Enter nere with st#déi@¢ys commanc for REMEX toot

' . mov DL,remex_type jset btoot type 1o remex

Start_bpoot:

1 ’

E jmove our aata area 1into RAM at QUer:¢2¢¢
'

by

re mov AX,CS ypoint DS to CS tor source

- mov DS,AX

- mov SI,databegin yrstart of cata

X mov DI,oftset ram_start joftset of destination

k- nov AX,% yset dest segment (ES)

;. : mov 2S,2X ito 00

- mov CY,data_lanetn yaow muecn to meve {bytes)

L 187
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rep movs AL,AL

we e we

mov AX,¢

mov DS, AX

mov SS,AZX

mov SP,stack_oftset
cld

mov AL,¥132H

out PIC _53pl,AL y8258a
mov AL,E1¢H
out PIC_S9p2,AL 182594
mov AL,¢1tH
out PIC_59p2,AL 1 8259a
mov AL,dft3
out PIC_S9p2,AL 7825093

rmxmxxxrxxxx FRANCH TO SELECTED

determine it tootine to iSEC

cnp DL,diskx_type
Jne boot_remex

xxxxxFxrxrxexexrxx §SBC 2¢2 RCOT

oot_1292:

s we wo [y} we we ws

ﬁ in
i in AL,CKP_result_byte
F‘ out DK?_reset,AL

AL,DKP result_type

rome tane i1SBC 2«2

ymove from eprom,
yoyte at a time

set segment reglsters and initialize tne stack

yset DS segment to KKEK,
ynow in RAM
ydata segment now in RAM

yinit stack s=gment/pointer
yzlear the direction tlae

Setup the 8259 Programmable Interrupt Cortroller

ICH 1 8BYB6 mncce

IC¥ 2 vector @ 4Y-E%

ICW 4 auto EOI master

OCW 1 masx all levels off

DEVICE FOR EOQOT =H*¥¥REXRXKMX
2¢2 or to REMEYX

yis tals a 1i2¢27?
yit not, boot to REMEX

CODE RRXRFIEWIN MMM RRIBRI N

yreturn on tatal errers

Rest ard initialize tne iMDS E¢¢ Disketrte Intertace

yclear the controller

yAL is aummy
stor tnhis ~ommard

mov DK _ic_com,DX_nome_cmd jload 1o commani

*® call DK_kxecute_Cma

yoome tne dicsx

mov DK_1io_com,DK_reaad_cma jall 10 now reacs cnly

mov BX,offset genneader
mov DK_ama_addr,:sX

get tracg ¢, sector 1, tne GENCML neader recora

softset tor 1lst seactor DMA
ystore ama adcdress ia 1o0pbd

1Eg
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TovV
mov

get trx 9,

-y we we

TOV

mov
mov

get trx 1,

we we we

mov
mov
mov

DK _secs_tran,l
DE sector,l

call DX_Xxecute_Cmd

sect 2-2¢€, 3and

ES,abs_location

DK_secs_tran,25
DE sector,2

¢call DK_Execute_Cma

sect 1-2%, put

DK_sees_tran,25
DK_sector,1
DK_track,l

stranstfer 1 sector
ystart at sector %1
yread track ¢, secter 1

place in RAM

'y Seement loc tor LOADER

mov AX,ES yto AX to menipulate

mov CL,ue sMuUst xlat to 1b—-tit aaar
sai AX,CL ssnift seement

mov DE_ama_addr,AX ystore ¢ma eadress in iopd

ytranster 25 sestoers
sstart at sector r2
yread trg €, s=2c1s 2-¢€

at next place in 2AM

mov AKX, ES ycompute ottset tor track 1
add AX,start_trkl 3da ia wh3at already read
mov CL,@4 ymust xlat to 16-vit acar
sal AX,CL ysaitt segmert

nov DK_dma_adar,AX ystore dma aadress in 1opbd

ytransrer 25 s2ctrors
;start at sector #1
1start &t track =1

231l DK_Execute_Cmd jread trk 1, s2c01s 1-26
Jnp Jurp_To_Loader y&0 pass control to toadar
’
§ X RCXC KT XC XK X0 R A RO I KK F XK REMEX BOOT CODE X®®XRXRE W FR TR
.
boot_remex:
mov AX,crmemsesz ymake zcmmron memory
= mov ES,AX jaddressatle
] ’
3 y eet track ¢, sector 1, tne GENCMD neaaer
k- H
- boot_3again: 3 SEGRSERINEIRENGIE = T TEIRS
b mov BX,ak_rd_cmal t1set up to reai 4drive 1
=/ mov an,@¢n y track ¢
5 mov 3l,Z1h ysector 1
4 pusn ax ysave it
i call build_packet fde 1t
1 7311 send_packsat
; mov di,otfset zenneacer jset up destiniation I
*® mov ax,d4ds yset up source ]
[ S8LL TEES_Dultar
! ’
[ 7 Zet load incation from GENCMD heaaer
s ’
k- ’
F’ nov BX,abs_location yabs is ltocation in RAM
1
1 1838
' L
84 {
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APl st SR EE oo e o
-. .

FRAELES b 4
p E

TSN T T D T b e 53 i

nov CL,¢4 yconvert to 1lc bpit
sal xX,CL yBX now has load addr=2ss
mov DI,BX snow in ai
2et:
pop ax yget next sector
inc al sana check for last
cmp al1,25 syon tris trackg
Jja fim 2
get_1:
push ax ysave ar
mov BX,dk_rd_cmal yprepare for reaa
eall twild packet yread next sector
call send vacket
mov ax,¢%<¢din sabsolute load
cAPL Rt Eir Dt KT
Jnp get
Pin 19
iac an yget next track?
cmp an,l
Ja Jump_To_Lloader yjump to loacer
mov al,l yreset sector numper
jnp get_1
;*************** PASS CONTROL TO LOADER BRI LI REE R RTIRER
y
Jurp_To _Loader:
mov ES,aps_location yseegment addr of LOADRR
mov leap_segment,ES y load
ysetup tar jump vector
mov leap_offset,?¢ yottset ot LOADER

jmpf cword ptr leap_oftset

-eo weo

RXFXXXFRRFRHREREEE WND OF MAIN CODE M3 MRITRR IR KK KK RIRHE R

g Xxmxxxxxxxx TESTNNING OF SUKACUTINES *¥XMACTURBEX TR RI I X

; 3R MRAL FRRT R RERE X XERC JE HOIE F0 X 58 KO K X0 RCIX IR JORK SR IERC SR NOW AL IR ML ST RIR 3T HTE IR T RE 2SR A MM AR RIIMRR T
s CONIN subroutine &3
§ TR RIR WA X TOH I HORFOI IO FIWAT N FIH IO KM RO FOAOIR IO NRRI AR KR RIIERR AR
ycallea tfrom: Dk_Execute_Cma.
Conin: ; ¥ returns console Keyovoard caaracter
y¥%® parm {n ~ none
y ¥*¥ parm out - returas character in AL
in AL,CONP_<status jget status

and AL,Z ysee it ready-tit 1-is set
42 Conia yi¢ not, it is zero and not reaqy
in AL,CORP_2ata ,;réadysy so reaa cnaractred
and AL,¢7rH sremove parity oit
19¢

e ta s e e e e e B e e el B e B e ol B 0 2
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—p—

- €

NELTE

XL XE R XE X X X XE WK XL X 3K 3K XE KL XL 3K 70T 3 X R IK AR XER XK AR X3 50 X0 NE X AT ROXC X RORC IR R ROXE RO AR KRN RRIRAE R R RN R

& CONOUT subroutine *

RO RCRCE LR IR R R AT KRR LR RERR LR RXRR R R BE IR LR RN RN R RN R R L IRERFRR

ycalled from: Print _Msg.

Cecnout: y¥% write cnaracter to 2console xeyboara,
y*¥ parm in - cheracter 1o oe cutvut ia CL
y®% parm out -~ noae

in AL,CONP_status jget console status

and AL,1 ys2e if ready-bit 4-is set

Jz CONOUT yit zero, not resaday-—k=ep che~giae

il

“wes We W we ws

oW AT EL oad input parm to AL tor out
out CONP_gata,ALl j;output cnaracter (o ccnsole
rat

TR 30 R HERE R FF RIS IR B KRR R I A R XORC AL AR AR IR K X0 I K 5 X6 0 R TR X X A KT RO A RO K XX

-3
= DK_EXECUTX_CMD subroutine 'y
3 X XE XL RE KT X8 XL XL REXE XC XCHE X0 R AL AR X0 X0 XERE HE XL IX HOXC X X RORC R REXRC 523 5K 38 KO NQ R0 FE R HKS X340 K¢ X5 FEHRC T 2L KKK

jcallea rrom: in-iine trom Zoot_1i242.
Px_Execute_Cma: ;** Executes a dlisg read/write commén4
y ¥% parm in - DMA addr in EX.
y ¥ parm out - none
jsend iopb to disk contreliler via two ports (2 bytes)
Send_iopb:
in AL,DKP_result_type jclear tne controller
ia 4L,DKP_Tesuls_byte sclsar the coatroller
mov AX,ot¢s=t DX _iopo jeet address ot iopbd
out DKP_iopt_Llow,AL soutput low tyte of iopb aadr
mov AL, AH yload nign tyte to AL ror output
out DXP_iopb nign,AL jout niga pyte nt 1lopd azar
yefcR for Interrupt sreén disc« controdler
Uisg _fap:
in AL,DKP_status j22t disk status
acd AL,DK_cnzint_masgk jinterrupt set?
Jz Dicsk_int yit not, Keep cneckinsg
ysee it interrupt signifies I/0 complietion
in AL,DKP_result_type iget reason ror interrupt
cnp AL,Z2¢H ywas I/0 co plete ?
Jz ChécE_Tesult ;i so, 20 chezk the result byte
Jmps Sena_iopt ;;1if not, 20 try asain
check result byte for a2rrorlrs
CK_result:
in AL,DEP _Tresuilt_byte i &€t result cyte
and AL,9B¢E yis 1/0 complete?
Jnz Fatal_arr yAL Bote Tarthil sTPolb

’
Che
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and AL,¢feH scanecg tor error in anv it
Jz DK _execute_ret ;no errcrs, go return
Fatal_arr:

or , 0
Z soe) e
-0 O

nov CL,? i1clear CL tor counter

Ftest:
é rer AL, 1 scheckg eazh bit ot result
= inc CL jcount each bit
3 test AL,¢1 ;test =ach bit
L jz Ftest yzero, g0 chneck next
ﬁ mov AL,CL ynot zero, error, inc count
. mov AH,¢ iclear nigh
o add AX,AX sdouble for idx to wora taole
- mov 3X,AX jloaa BX as index

mov BX,errtol[BX]) j;eet addr of error mss
sprint appropriate error message
call Print_Mse jwrite mSe to ccnsole
call Conin ywait for key strike
Jmp Boot_1i222 ytnen start all over
Dk_execute_ret:
BENT

.-.I'.""- 'l’ .' '

T

b AR

330 3% 5% 3% 3% 30 30 07 T 7 X 30 R A A A 3R 38 3 I T K T 3 R R A2 730 X0 A FAFE 56 3630 38 K XT3 3858 5 A AT 38 34

REMEX senl_packet subroutine ®
KTHE (KT A2 XA 48 ATXS RE XL 38 X3 X6 33 XTXC KT X3 XTHE HE K06 IX A0 3% AR 3y 33 38 X3 &8 AR 3T A% AE AT A S8 53 53 08 AEAE 3 AC 33 343 XS KT MR AE XL 32 X

% #

send_packet:

‘1ir-_,n.ns:2

mov ES:dx_cnt,tries yloaa count tor retries
send_1:

in AL,status_reg

and AL,2k_rdy_mask ycheck iatertace reacy

¢cmp AL,€8h yready?

Jne send_1 yif rot, repeat

mov AL,1lch yload extended address

out cmd_reg,AL

mov AX,@@04n ypacket offset

out p_addr_lo,AL stranster lo oyte

mov ail,an

out p_addr_ni,al ;transfer ai oyte
ck_result:

mov AX,p_status 1load status

ctp AX,0¢C01a scheck tor success

Je success_read

cnp AX,¢¢Cén ycneck ror failure

jne retry

JHps ~Ak_resulw® sRoU tinished
retry:

mov p_status,Z¢€dn yclear status code

dec ES:dk_cnt yTS uce retry count

Jnz sena_1
- mov BX,0ffset errtol
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add EX,14 yadjust tor tabdle erniry
mov BX, [5X]
call Prirnt _Msg
c3ll Conin ywilt on user key strike
Jnp boot_again ystart over
success_reac:
]

1 “‘ ""."."".. -

. lrlrlT
L

e

ret

o

3 X 2E 2 3K XE R XK FEAC XK A0 3K X XE A XE A XK XL XE XX XE XCAK X8 XK X8 5K KA X XK X0 XK A XK J0 K HE X XL 373 K 3% XK A0 T XL XL ROXK 58 X XK XK ¢

# %

Py
oy
e

XEXE 2 X 5 3L KK XEXC 2% HE XX KK N K K0 R K 10 R R X 70X XK K2 2K KXC N XENC R N N R ROHL XK IR KM XA ACIAMKI AL

REMEX tuila_packet sudroutine #
AEXEXLIRIZ AT A8 A KEXEAE XL AR IR RIAE L XT AT RS AT JC XL IWAT SE R AL S8 HETE XL M AT ACATIRSE REAT RO SR 22 SR 32 SR SR AT MMM IR KRR 33 3%

e WE We We we WS Wy we W
# 3

LM R b s o « A
‘ -

build_packet:

. mov ES:p_moaifiers,bdx iset read ccede
. mov ES:p_status,k yclear status word
;ﬁ nmov dx,999¢a jclear ax
k- mov dl,an yset track numper
mov ES:p_track_no,dx senter in packet
E: mov ax,¢eeln siGHRE NINE i
.. mev dl,al jset sector ard reaa
- mov ES:p_head_sect,dx jenter in packat
mov ES:p_mem_addr,21¢4n jaddress ot turter
mev ES:p_msb,¢Z@en 70U ter msb
mov ES:p_wora_count,64 jnpumter of 16 tit wds
rat
Hi ¥

3 7% W XK M0 XK 3 3EXT R 3K XX X FE A 3K KK A A0 X X0 A A KT AR R FOL A0 R R X TR KX QR RO T I XX
i § FORCHE WA KE AXAE 0B TR XL AOXL 268 R0 X0 I8 A K TX X8 FRTE XL IR 34 20 R0 0 5000 A 0K X R AOXC 70230 507 HH RO K KK 30K
o s REMEX rers bt 2 er JSannron tine ®
. § B IENCRIIERS L8 AR ACHE KT R R MW AR IWIE BEROIK A8 A M IR AC S IIRIT MR AT R RA ASANB IR F A R MR R
;
4 Xtap_outier:

' pusa es!pusa 4s ysave segment registers
mOV eS,ax ySet up tor transter
MoV ax,cmemseg
mov ds,ax
mov si,¢léeh ylocation ot tufter
mov cx,64 ywora count
cle yclear airecticn tlag

rep movs AX,AX
pop ds!pop €s
ret

X XEHE 7 3 XE XE R KK F XK KR A HE KK R R AL 7 HCAL K303 N0 R 3K X6 XL XK XK 30 XK XK XK A€ XK A FC A0 NI 383 7 7K XK KX KO AR XK

53038 R AL A8 A8 HE 38 HOAT A% AL X8 A0 KE AT 70K AC A6 38 38 346 38 RE AT AT XX X8 XL AT K38 X8 58 KL XL T30 M3 XEAF 5038 K3 R KL 38 X030 M AT KL 38 3¢

.
?
’
?
.
?
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Byte
.
>4
.

MR

TR R SR RN N SR N Rk T S R T W Ml S S S R S Ot

y ¥ PRINT_MS5G suceroutine =,
; I AR AT X 360X MW IXAE A X0 IX AR AT X 3% IX A3 AL X 3T AT IR AT A A HE XL X M NE A HE XK XERE HC XK RENE X0 X833 33 ML IX X3 KEXC KR 3R
sjcallea from: Dk_kxecute_Cmd.
Prict_Msg: P ¥¥ Prints a message 10 tae ccRhscle.,
y*® parm in - address ot messaze in EX.
y *¥ tarm out - none

mov CL, [BX]) g2t next cCnar from message

tast CL,CL yis it zero - =2nd ot message ?

Jz Pmsg_ret y1f zero return

push EX ysave address ot message

call Conout yprint it

pop BX yrestore addaress of message

ine BX ynext character in message

jmps Print_Msg jnext cnaracter and {00p
Pmsg_ret:

re=t

mymxsngEgxnxEznr END OF SUBRQUTINES M~ aanasasad 55 MR TRR AR XRH K

yImage ot data to be moved to RAM

?

datavegirc egu offset S

?

7A template 1SEC 292 topbt (channel command = 7 bytes)
1b 28¢E tylopb cnaanel werd

abr @ sio commana

ib ¢ yhumber ot sectors to xter
ab @ strack to read

ab ¢ ysector to read

dw VYK¢¢HE jama acdr for 1SEC 2¢.
End of iopt :

-
’
)
?
~
-

errtbhl 4w ottset =rd
aw otfset erl 3
aw oftset ere ]
Aw ortset erd
dw ov¥fset er4 H
dw oftset erd
iw ottset er6 :
dw nt¥set er”? 3

? B

Cer¢ db cryltr, Null Zrror?’,¢

Cerl ab cr,itt,’CRC Error’,¢

Cer2 do cr,lf, Seex Error’,¢

Cerd 1b er,lt, Address Error’,¢

Cer4 dp cr,lt,”Data Overrun-Unaerrun’,d

Cers db cr,lt,’Write Protect’,?

Car6 db crylt, ’Write Error’,¢
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Cer? do cr,1f,’Drive Not Reacy’,?
?

r dataend egqu oftset $

" ;

- data_leneth equ dataeni-dataveein

reserve space in RAM for tata area
(no hex records generated here)

DS EG 2

: ore 24’14

1 ?

] ram_start equ s

1 ’

[L' iThis 1< tne 1SEC 222 topb (cnaanel commama - 7 bytes)

] DE_iopbd mby I tiopo crannel wora

- DK_io_zom ro 1 tic command |

I DE_secs_tran ro 1 ynumber ot seécto>s to xfer

- DX_track ry> 1 jtrack to read

- DK_sector ro 1 isector to read

e DK_dma_adar rv 1 jama addr tar 1SBC 202

1 iSnd ot iopd

; ?

%} = errtol rvw 8 i

3 erd re lengtn cerd 116 :
erl rd lengtn cerl i
er? re lengta cer? !
erd rb length cerd /
er4 rbo lengtn cera 114 .
ers rs lengtn cers 711 ]
ers ro length cer6 118 y
er? rt lengtn cer”? 717 i
?
leap_ottset rv 1 |
leap _segment ow 1 )
'] S

rw 32 t1o2cal stack !

stack_offset eju oftset $ystack from nere down i

3 ?

F. 7128 byte sector will de read in here-GENCMD n=ader |

" genneader equ otrfset S

i ro 1

3 rv 1

i anps_locatian rw 1 jadbsolute loé&d !locaticn

= rvw 1

rv 1
. 3 6 70 20 20 XK 307 AE 70 30 A0 30 R0 A0 R KK AR KR FLHE TR R AR FA KR I KRR TR RER R R RS TR RO MR KRR
;. . i REMEX pacrket and aat3a lo-catiors *

§ 39 0 R0 K 30 K 0 R R NN R A0RC K R0 KA AKX R R K R0 R NI R0 R0 R IR R R AR
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org ©i¢¥an ;oftset ot REMEX packet
plmedifiers TW 1 sfuncrion anad logic urit
p_status v 1 sreturred status
p_tlrack_no TW 1 yselected track numeer
p_head_sect TW 1 jselected head/sector numbder
p_mem_addr rw 1 s tutter acdress
p_mst rw 1 sextenaead dbits of ouffer addr
p_word_count Tw L ysize ot data tlock
’
y orz higher thaa butter 10 be sure 1
i ;
org 25¢¢n 4
dE.cint rb b saumber retries )
H 3
§ R ACTE AR KL XX XTIX T ALIA 36 TR IR 30N 30 ALHC T 3 XM I0HE HEIR 30 AT KRS IR A0 5200 T AAHE KSR X0 HOWAORENE ROROIF R WA NIRRT ::
;* End ot CP/¥M-£6 Customizea ROM * K
3 T TR RR AR KR XL 34 30 K ORI X X6 R ROR I 50 5T FTHE AT X0 LI RO ROR IR0 MR I IERFRICFRRAE R
f ,_‘
’ ¢
1
B
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